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To  all  Lovers  and  Learners 


O  F 

NAVIGATION. 

HE  General  Approbation  of  this  Book ,  face  its 
jirfi  ImpreJJion  in  1686,  hath  obliged  me  not 
only  to  publifh  rny  Grateful  Acknowledgment 
thereof ;  but  alfo  excited  my  diligent  Search 
into,  and  exadt  Survey  of  every  Part  of  its 
Structure,  to  -find  out  the  Defers,  to  know  all  its  Defi¬ 
ciencies,  \\  h'.ch  I  have  fo  far  laboured  in,  That  in  this 
Impreffion 

I  have  now  Rectified  what  was  amifs  -,  Altered  what 
was  Diforderly  ;  Explained  what  was  DaVk.  or  Obfcure  ; 
Enlarged  where  it  was  Scanty  j  Added  where  it  was 
Wanting-,  And, 

Thefe  Rectifications ,  Alterations ,  Emendations ,  and  Ad¬ 
ditions,  being  in  divers  Places,  I  thought  it  needlefs  to 
Enumerate  them  particularly  -,  for  they  are  obvious  to  a 
diligent  Reader ,  that  will  but  compare  the  Rules ,  Pre¬ 
cepts,  and  Examples  of  this  with  the  former  Imprefiions,  .  in 
the  plain  and  eafy  Method  they  are  placed  in,  but  which 

in  general  is  thus  -,  . 

I.  You  have  Practical  Geometry,  explained  by  Definiti¬ 
ons,  Problems  and  Proportions  -,  In  this  Chapter  is  taught 
the  making  the  mofi  ufeful  Geometric  Figures,  with  the 
meafuring  all  Superficies  and  Solids ;  Alfo  the  Application 
thereof  in  Practical  Meafuring,  Board,  Glafs,  Plaiftering, 
Painting,  Paving,  and  Land  -,  Timber  and  S|:one  -, 
Gauging  of  Calks,  and  a  Ship’s  Hold  :  All  being  illuftra- 
ted  with  Rules,  Proportions  and  Examples,  eafy  to  the 
Undemanding ,  and  not  burthenfome  to  the  Memory  ;  andfo 
fated  that  they  may  be  performed  both  by  Arithmetic,  and 
by  the  Line  of  Numbers  on  GunterT«M?> 37  Problems, 
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The  frfi  Chapter  I  advife  the  Learner  to  finely  well  before 
he  proceeds ,  it  being  preparative  to  the  next ,  as  indeed  they 
are  cdl  depending  on  one  another ,  as  Links  in  a  Chain. 

II.  Plane  Trigonometry  is  next ,  in  which  are  many 
ifeful  Notes  and  Definitions ,  with  the  Axioms ,  and  alfo  the 
Cafes  depending  on  each  Axiomr  orderly  fet  down  in  b  Prob¬ 
lems,  containing  13  Cafes. 

And  here  I  mttft  Advert ife  the  loung  Student  that,  would 
work  Trigonometry  by  the  Logarithms,  to  confult  Chap¬ 
ter  1.  The  Explanation  and  General  Ufe  of  the  Table 
of  Logarithms,  and  Tables  of  Sines,  Tangents,  and  Se¬ 
cants,  towards  the  latter  End  of  the  Book ,  in  Page  294. 

III  L  hen  follows  Plane  Trigonometry,  applied  in  Prob¬ 
lems  0f  Sailing  by  the  Plane  Sea-Chart,  commonly  called 


Plane  Sailing.  .  7  . 

And  that  nothing  be  wanting ,  I  begin  with  the  common 

Notes  of  the  Julian  Calendar  (in  this  Edition  tranfnuted 
for  the  Gregorian  or  New  Calendar,  as  by  the  late  Adi  of 
Parliament  required)  'foewing  how  to  find  the  Prime,  Epadt, 
Dominical- Letter,  Eafter  Day,  the  Moon  s- Age  South- 
mg,  anlTmuof  Full-Sea,  or  High-Water  In .9  Prob. 

phen  proceeding  to  the  Defcription  and  Life  ^///^  Plane- 
Chart,  in  5  Problems,  before  I  come  to  the  Cafes  of  I  lane 

Sailin",  which  I  divide  into  three  Paits. 

,  \  a  Right-angled  Triangle,  relating  to  a  fingle* 

Ccurfe ,  in  which  are  6  Cafes,  commonly  called  the  6  Cales 

cf  Plane  Sailing.  .  .  .  ,  r  1 

J  „  hi  a  Right-angled  Triangle,  relating  to  fever al 


Ccurfes  called  a  Traverfe.  _ 

,/  jn  an  Oblique-Triangle,  in  which  arc  but  4  Caies,^ 

though  there  may  be  a  Multitude  of  w/mQueftions  s  oj 
which  you  have  a  Tafie  in  Turning  to  Windward,  and 
Sailing  in  Currents,  In  21  Problems. 

IV.  In  Chapter  4th  is  Mercator’s  Sailing  •,  To  the  right 
undemanding  of  which ,  Its  necejfary  to  dt fenbe  Mr. 
W right’s  Projection,  commonly  known  by  the  Name  op 
Mercator’s  Chart,  andjhew  the  Ufes  of  It,  before  I  treat  of 
the  Problems  ^/Sailing  by  it ;  which  you  will  find  performed 
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in  H  Problems:  In  the  fir fl  9  the  Fable  of  Meridional 
Parts,  or  the  Meridional-Line  on  Gunter’s-Scale  is  tifed ; 
And  in  Cafe  that  Fable  or  Line  be  wanting ,  to  fnpply  their 
Room ,  I  have  added  Problems  of  Sailing  by  the  Middle 
Latitude,  which  will  nearly  agree  'with  Mercator  s  Sail¬ 
ing,  a  Fhing  of  good  Ufe ,  In  4  Problems. 

V.  Spheric  T  rigonometry,  or  the  Loblrinc  of  Spheric 
Triangles  ReCtangular  and  Oblique,  is  next  in  Order ;  and 
it  being  fo  necefiary  you  fioould  underftand  how  to  make  a 
Spheric  Triangle,  and  alfo  how  to  meafure  any  of  its  Parts , 
before  the  framing  and  working  Proportions  therein ,  I  have 
fully  explained  that  Matter  in  the  beginning  off  this  Chapter, 
being  hi  ci  MayAer  a  New  Invent  ion,  which  I  cull  Spheric 
Geometry-,  Fhis  you  have  in  21  Problems  *, 

And  in  Spheric  Trigonometry  properly  fo  caked  (the 
next  in  Order )  you  have  all  the  Axioms  and  Cafes,  both 
in  Rectangular  and  Obliquangular  Triangles,  explain  d 
with  necefiary  Notes  on  each  Cafe  •,  as  to  know  when  a  re¬ 
quired  Angle' is  Acute  or  Obtufe,  and  when  a  required  Side 
is  more  or  lefs  than  a  Quadrant,  In  12  Problems,  containing 

28yL  The  Defcription  and  Ufe  of  both  Globes,  is  the 
next  to  be  confided d  •,  in  which  I  have  plainly  and  familiarly 
explain'd  and  Jhewed  the  Ufe  of  the  mojl  necefiary  Fhings  be¬ 
longing  or  relating  to  each  of  them ,  In  24  itfeful  Problems. 

Fo  which  is  annexed  a  fhort  Defcription  and  Ufe  of  the 
Hemifpheres,  projected  on  the  Plane  or  the  Ecliptic» 

VII.  Geography  is  the  fubjetl  of  this  Chapter  which 
is  the  Application  of  Spheric  Trigonometry  m  finding  the 
True  Diftance  of  Places  in  the  Variety  of  their  Situation  on 

the  Globe  of  the  Earth,  In  4  Problems.  . ,  . 

'  VIII.  Great  Circle  Sailing  comes  next ,  which  its  it  s  the 
moft  accurate  Way  of  Sailing ,  fo  it  s  the  mojl  ifficu  t ,  a,. a 
hardly  pofiible  for  a  Ship  exactly  to  fail  by,  jet  it  s  of  great 
Advantage  to  keep  conveniently  near  it .  for  w  ico ,  urpofe 
you'll  find  qll  that  necefiarily  belongs  or  relates  to  it ,  both 
as  to  the  ProjeCtive  Part,  and  that  both  Stereographic  and 
Gnomonic ;  «  alfo  in  the  Calculate  Part,  (which  requires 
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the  Application  of  both  Spheric  and  Plane  Trigonometry,) 
fully  made  tut  With  an  Intimation  of  fhortning  the  Work , 
by  fhewing  how  to  defcribe  the  Arc  of  a  Great  Circle  or. 
a  Mercator’s  Chart  j  the  iVhole  in  4  Problems. 

IX.  Next  you  have  Spheric  Trigonometry,  applied  in 
fundry  Aftronomic  Problems  ufeful  in  Navigation ,  wherein 
the  Circles  of  the  Sphere  are  defer  iked,  and  the  neceffary 
Leans  of  Art  explained  to  the  meaneft  Capacity ,  with  Refpetl 
to  the  diurnal  Motion  •,  and  that  either , 

1.  According  to  the  Ptolomaic  Syftem,  wherein  you 
have  in  a  Right- Angle  Spheric  Triangle,  all  the  Variety  of 
Queftions  and  Examples  that  relate  to  the  Sun,  with  Rej- 
pedi  to  his  Longitude ,  Declination ,  Right  or  Oblique  Afcen- 
fion ,  or  Defcenfion,  Rifing,  Setting,  Amplitude,  Altitude  and 
Azimuth ,  at  the  Hour  of  Six  •,  Altitude,  and  Hour  of  the 
Day,  when  Eajl  or  Weft  ’,  Hour,  Azimuth,  and  Altitude, 
when  he  is  in  the  Equinoctial,  In  24  Problems,  Alfo, 

In  an  Oblique  Spheric  Triangle,  you  have  great  Variety 
both  with  Refpelt  to  the  Sun  or  a  Star,  in  many  Queflions 
and  Examples  relating  to  the  Sun’r  Altitude ,  Azimuth,  and 
Hour  of  the  Day,  in  any  Place,  at  any  Lime  of  the  Tear  : 
And  relating  to  a  Star,  as  to  its  Longitude ,  Latitude,  Decli¬ 
nation ,  Right  Afcenfion ,  Rifing,  Setting,  Amplitude,  Alti¬ 
tude,  Azimuth ,  Hour  of  the  Night,  its  Altitude  on  the  Me¬ 
ridian,  and  Lime  of  its  coming  to  it.  In  12  Problems.  Or, 

2.  According  to  the  Pythagorean,  or  Copernic  Syftem, 
which  is  now  generally  receiv’d ,  as  mojl  agreeable  to  the  ob- 
ferved  experienced  Motion  of  the  Heavenly  Bodies  •,  wherein 
Spheric  Trigonometry  is  applied  in  Variety  of  Queflions  and 
Examples  relating  to  the  Earth’s  Diurnal  Motion  about  its 
own  Axis,  once  in  24  Hours ,  whereby  all  the  vifible  Ap¬ 
pearances  of  the  Sun  and  Fixed  Stars  are  folved ,  with  the 
Defcription  of  the  Circles  of  the  Sphere,  and  how  they  are 
drawn  Stereographically  on  the  Plane  of  the  Earth’s 
Ecliptic,  In  9  Problems. 

X.  Lhen  follow  very  eafy  Rules  to  find  the  Variation  of 
the  Cempafs,  and  how  to  r citify  the  fame ,  and  to  CorreCt 
the  Courfe  thereby,  both  Arithmetically  and  Infir ument ally, 
with  great  Readinefs.  Alfo , 


Jlfo  here  you  have  the  way  of  Projecting  the  Sphere  Or  * 
thographically,  In  i  Problems,  with  many  Examples. 

XL  An  Obfervation ,  either  of  Sun  or  Star-,  what  it  is, 
how  or  with  what ,  and  when  ’ tis  taken  •,  with  Rules  to  find 
the  Latitude  of  the  Place  of  Obfervaticn ,  and  all  the  Varieties 
therein  reduced  into  one  Proportion,  containing  two  General 
Cafes,  fully  explained  by  many  Examples. 

XII.  Ton  have  next  the  Ufe  of  all  the  foregoing  Inftnic- 
tions ,  fummarily  comprehended  in  a  new  Form  of  keeping  a 
Sea  Reckoning  or  Journal,  wherein  the  Log-Book  and 
Journal  in  IVords  at  Length ,  and  Tabular  in  Figures ,  are 
kept  together  in  one  Bock  -,  whereby  the  whole  Proceedings , 
and  every  particular  TranfaCtion  of  any  l  oyage ,at  all  times 
may  be  feen  and  known ,  which  will  be  no  fmall  Satisfaction  to 
ihofe  concerned  in  Ships  and  vjoods,  nor  a  little  Augmenta¬ 
tion  to  the  Mariner’s  Credit  and  Reputation. 

And  that  Jo  ufeful  and  beneficial  a  Method  may  be  prac- 
tifed  by  all  who  defire  to  keep  a  compleat  and  exalt  Reckoning , 
and  fo  be  enabled  to  render  a  good  Account  thereof ,  I  have 
largely  deferibed  the  Form  and  Manner  of  it ,  with  plain  Rules 
and  Directions  how  to  Corredt  the  Reckoning  by  the  ob¬ 
served  Latitude,  and  how  to  find  what  Latitude  and  Lon¬ 
gitude  the  Ship  is  in  every  Day ;  with  an  Example  cf  a 
Seven  Days  Journal ;  and  how  each  Days  failing  is  managed , 
in  taking  it  from  the  Log- Board,  cafiing  it  up ,  and  bring¬ 
ing  it  into  one  Courfe  ^iDiftance  ;  with  framing  the  Dead 
Reckoning,  and  transferring  it  into  the  Journal ;  fo  that 
by  this  the  Whole  is  made  more  intelligible. 

Laftly,  In  the  Tabular  Part,  you  have  firfi  a  Traverfe 
Table  -, '  which  tho’  it  fiands  in  fo  little  Room  as  two  Pages , 
yet  by  it  the  Difference  of  Latitude  and  Departure  from 
rhe  Meridian  may  be  found  for  any  Diftance  under  10,000, 
and  for  every  Quarter  Point  of  the  Compafs. 

Next  to  that ,  A  Table  of  Meridional  Parts  to  every 
5  Minutes  of  Latitude,  which  together  with  the  Table  of 
Proportional  Parts  annexed ,  the  Meridional  Parts  for  each 
fingle  Minute  are  found . 


And 
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And  next  adjoining  is  a  'Table  of  10,000  Logarithms* 
After  which  you  have  a  Triangular  Cannon  Logarith¬ 
mic,  or  a  Table  of  Artificial  Sines,  Tangents  arid  Se¬ 
cants,  to  every  Degree  and  Minute  of  the  Quadrant,  which 
are  corrected  with  more  than  ordinary  Care ,  there  being  no 
Volume  ( when  this  Book  was  firft  published  in  1 686J 
extent  that  had  Secants  befides  this :  The  Defcription  and 
general  Ufes  of  thefe  Tables  are  comprehended  in  4  Chapters, 
containing  13  Propofitions,  and  fet  juft  before  the  . Tables, 
beginning  at  Page  294. 

The  Schemes  or  Figures  are  contained  in  10  Copper¬ 
plates,  infer  ted  in  their  proper  Places ,  being  orderly  Num¬ 
bered  with  proper  References  for  the  more  eafy  turning  unto> 
upon  Occaftou. 

Thus  have  you  a  Summary  of  what's  here  treated ;  what 
my  Labour  and  Pains  have  been  herein ,  I  leave  you  to  judge 
who  are  moft  like  to  reap  the  Fruit  and  Profit  ( my  Share  be* 
ing  a  very  frnall  Part  thereof  )  tho ’  I  dare  aver ,  its  the  Com- 
pleatcft  and  moft  Portable  Pile  of  Inftrudtions  (for  a 
Young  Learner  of  Navigation)  new  extant :  It's  the  very 
Method  I  have  ufedfor  now  50  Tears ,  finding  it  ever  fuccefs- 
fuU  even  tG  the  moft  indifferent  Capacity ,  among  the  many 
Hundreds  1  have  Taught :  Therefore  if  my  Reader  would  be 
a  Proficient  herein ,  let  him  begin  chearfully ,  proceed  gra¬ 
dually,  and  the  end  will  crown  his  Endeavours  with  an- 
fwerable  Succefs. 

Let  not  Sloth  perfuade  to  give  out  at  the  meeting  of  any 
Difficulty ,  but  rather  remember  that  Love,  Labour  and 
Constancy  will  overcome  the  greateft  Difficulty  •,  And , 

That  my  Learner  may  fo  read  as  to  underftand,  and  fo 
tmderftrnd  as  to  be  a  Proficient,  is  the  Defire  of  him ,  who 
wifheth  the  Young  Student’s  Welfare,  and  the  Progrefs  of 
A  R  T  S. 

James  Atkinson. 

Etitomb, 
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Epitome  of  the  Art  of  Navigation. 

CHAPTER  I. 

Practical  Geometry  explained  by  Definitions ,  Problems  and 

Proportions. 

y*.&0..&Eometry  is  a  Mathematic  Science,  explaining  the 
<S>'  £  0  Kinds  and  Properties  oPcontinaed  Quantity,  or  Mag- 
0.  0.  nitude  ;  that  is,  a  Line,  a  Superficies,  and  a  Solid, 

whole  Original  is  from  a  Fund!. 

Sedlion  I.  Of  Lineal  Geometry ,  or  the  firjl  Kind  of  Magnitude. 

Definitions.  \Puntt  or  Point  is  that  which  cannot  be  divided 

i.  ■i*'  into  Parts,  and  is  the  End  of  a  Mathematic  Line, 
as  the  Pundl  A.  Plate  i.  Fig.  i. 

2.  A  Mathematical  Line  hath  no  Breadth  or  Thicknefs,  only 
Length ;  it  is  made  by  the  Motion  of  a  Pundt,  and  (considered 
in  it  felf )  is  either  Regular  or  Irregular. 

3.  j Regular,  is  either  a  Right-line  or  an  Arc. 

4.  A  Right-line  is  the  fhorteft  Diftance  between  two  Pundls, 
as  the  Line  BC.  Plate  1.  Fig.  1, 

5.  An  Arc  is  not  the  fhorteft  Diftance  between  two  Pundhs, 
but  bendeth  evenly,  as  the  Arc  DE. 

6.  Irregular ,  is  any  crooked  Line  that  bendeth  unevenly,  as 
FG.  Plate  I.  Fig.  1. 

7.  Lines ,  compared,  are  either  parallel,  or  inclining;  from 
whence  proceed  many  Problems. 

Problem  I.  To  draw  a  Line  parallel  to  a  given  Line. 

Definition.  'DArallel  Lines  are  of  equal  Diftance,  and  if  infinitely 
produced  (being  in  the  fame  Superficies)  will 
never  meet,  as  the  Lines,  AB  and  CD.  Plate  1.  Fig.  2. 
Example.  AB  the  Line  }  • 

C  is  a  Pundt  \  ven’ 

Through  which  Pundt  C,  and  parallel  to  the  Line  AB,  a 
Line  is  required  to  be  drawn  ?  *•  Take 
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1.  Take  (with  a  pair  of  CompafFes)  the  neareft  diftance  be¬ 
tween  the  given  Pundt  C,  and  the  Line  AH. 

2.  With  that  Diftance  (in  the  Compalles)  and  one  Foot  of 
the  CompafFes  (any  where  in  the  Line  AB,)  draw  (on  that  Side 
the  Pundt  C  lieth)  an  Arc  D. 

3.  From  the  Punft  C,  draw  a  Line  to  touch  the  Arc  D,  and 
it’s  done;  for  the  Line  CD,  is  parallel  to  the  Line  AB,  as  was 
required. 

Problem  II.  T 0  bifett  or  divide  a  given  Lins  into  two  equal  Parts. 

Example.  AB  is  a  given  Line.  Plate  1.  Fig .  3. 

To  find  the  middle  thereof  is  required  l 

I.  I T  H  any  Diftance,  (greater  than  half  the  given  Line' 

**  AB)  and  one  Foot  of  the  CompafFes  on  A  defcribe  the 
Arc  CD. 

2.  With  the  fame  Diftance,  and  one  Foot  on  B,  crofs  the 
former  Arc  in  C  and  D. 

3.  By  C  and  D  draw  a  Line  which  will  cut  AB  in  E,  the 
middle ;  and  if  AE  is  equal  to  £B,  it’s  done  true  :  which  point 
E  is  the  middle  of  the  Line  AB,  as  was  required. 

Prob.  III.  To  ere£l  a  Perpendicular  from  a  Pundi  in  a  given  Line . 

Defnitions.  J Ncliriing  Lines  are  not  of  equal  Diftance,  and  if 

1.  produced,  will  meet  as  the  Lines  A  B  and  CD. 

Plate  1.  Fig.  4. 

2.  The  ttieeting  of  inclining  Lines,  (called  an  Angle)  is  either 
Dire£t  or  Oblique. 

3.  Direft-meeting  of  Lines,  is  when  the  Angles  on  each  Side 
are  equal,  as  EGF,  and  GH  ;  and  this  kind  of  meeting  is  called 
Perpendicular.  Plate  r.  Fig.  4. 

Example.  AB  is  a  Line  given. 

The  Pundt  A,  one  end  of  it,  from  whence  to  erect  a  Perpen¬ 
dicular  is  required.  Plate  X.  Fig.  5. 

1.  With  any  Diftance,  and  one  Foot  in  A,  draw  an  Arc  to 
cut  the  Line  AB  in  D. 

2.  With  the  fame  Diftance,  and  one  Foot  in  D,  draw  an  Arc, 
to  cut  the  former  Arc  in  C. 

3.  With  the  fame  Diftance,  and  one  Foot  in  C,  defcribe  an 
Arc  DE,  to  cut  the  Line  AB  in  D.  Y'’ 

4.  By  C  and  D,  draw  a  Line  to  cut  the  Arc  DE  in  E. 

5.  Then  by  A  and  E  draw  a  Line,  and  it’s  done ;  For  the 
Line  AE  is  perpendicular  unto  AB,  as  was  required. 
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problem  IV.  To  let  fall  a  Perpendicular,  from  a  given  PunH,  ta 

a  given  Line. 

Example.  AB  is  a  Line  given,  C  is  a  given  Puna ;  from 
whence  to  let  fall  a  Perpendicular  to  the  Line  AB  is  required . 

1.  Draw  a  Line  (at  pleafure)  from  C  to  AB,  as  is  the  Line  CD, 

2.  By  Problem  2.  bifea  the  Line  CD  in  E.  . 

3.  With  the  Diftance  EC,  equal  to  ED,  and  one  boot  in  E» 

icrofs  the  Line  AB  in  A.  ,  r  . 

a.  By  A  and  C  draw  a  Line,  and  lt-s  done;  for  AC  is  a 

Perpendicular  let  fall  from  the  Pundl  C  to  the  Line  AB,  as  was 
required. 

Problem  V.  To  make  a  Plane  Angle. 

Definition!  t.  The  meeting  of  inclining  Lines  is  called  an 
Ana'.e,  and  the  Lines  fo  meeting  are  called  Sides  of  that  Angle, 

as  AB* and  AC.  Plate  1.  Fig.  7. 

2.  An  Angle  is  either  a  Right-Angle,  or  an  Oblique  Angle. 

3.  A  Right- Angle  is  where  two  Lines  are  perpendicular  to  each 
other,  as  ED  and  DF.  Plate  1.  Fig.  7. 

Note ,  A  Right- Angle  is  juft  90  Degrees. 

4.  An  Oblique- Angle,  is  either  Acute  lefs  than  90  Degrees,  as 
8AC,  or  Obtufe  more  than  9.0  Degrees,  as  GHI.  Figure  7. 

Note  i  An  Angle  is  written  with  three  Letters,  the  middle  Letter 
ftgnifieth  the  Angular  Pundl,  as  BAG  ftgnifieth  the  Angle  A. 

'  &An  Angle  is  meafured  by  an  Arc ,  whofe  Center  is  the  angular 
Puna,  and  is  drawn  from  one  Side  to  the  other  of  the  Angle,  as 
the  meafure  of  the  Angle  KLM  is  the  Arc  NO.  Plate  1,  Fig.  7- 
What  a  Degree  is  you  may  fee  in  Problem  9.  Definition  1. 
Example  1.  ’At  A  in  the  Line  AB,  to  make  a  Right-Angle, 
Plate  1.  Fig.  7. 

The  Rule.  Upon  A  (by  Problem  3.)  ereft  the  Perpendicular 
AC,  and  it’s  done  ;  For  the  Angle  BAC  is  a  Right- Angle. 

Example  2.  At  A  in  the  Line  AB  to  make  an  Acute- Angle 
equal  to  41  Degrees.  Plate  1.  Fig.  8. 

1.  Take  (always)  a  Chord  of  60  Degrees  from  your  Scale,  and 

with  one  Foot  on  A  draw  an  Arc  DE,  to  cut  the  Line  AB  in  D. 

2.  Makethe  Arc  DE, equal  to  the  Chord  of4id.  that  is,  take  41th 
from  the  fame  Scale  of  Chords,  and  lay  it  on  the  Arc  from  D  to  E. 

3.  By  A  and  E  draw  the  Line  AEC,  and  it’s  done  ;  for  the 
An^le  BAC  is  an  Acute  Angle,  containing  41  Degrees. 

Example  3.  At  B  in  the  Line  BC,  to  make  an  Obtufe-Angle 
equal  to  102  Degrees.  Plate  I.  Fig.  8. 
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1.  As  before  (with  one  Foot  on  B)  draw  the  Arc  EF  with 
a  Chord  of  60  deg.  to  cut  BC  in  E. 

2.  On  that  Arc  make  EG  equal  to  GF,  and  each  equal  to 
5id.  the  half  of  i02d.  that  is,  take  5 id.  from  the  fame  Scale  of 
Chords,  and  lay  it  on  the  Arc  from  E  to  G,  and  from  G  to  F. 

3.  By  B  and  F  draw  the  Line  BFD,  and  it’s  done  ;  for  the 
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2.  With  the  Diftance  AB  equal  to  AD,  and  one  Foot  on  A, 
dd'cribe  the  Periphery  BCDEB,  and  it’s  done. 

Problem  VII.  To  draw  the  Periphery  of  a  Circle  through  any 


three  P units,  not  in  a  Right-line. 


Example.  B,  C,  and  D,  are  three  Pundts  given,  thro’  them 
to  draw  the  Periphery  of  a  Circle  is  required  ?  Plafe  i.  Fig.  n. 

i.  With  any  Diftance  (greater  than  half  CB,  or  CD)  and  one 
Foot  in  C,  draw  the  Arcs  FG,  HI. 

?.  With  the  fame  Diftance,  and  one  Foot  in  B,  crofs  the  firft 
Arc  in  F  and  G. 

3.  Likewife  (with  the  fame  Diftance  and)  one  Foot  in  D, 
cut  the  other  Arcs  in  H  and  I. 

4.  By  F  and  C,  and  H  and  I,  draw  Lines  to  cut  each  other 
in  A  the  Center. 

5.  With  the  Diftance  AB,  equal  to  AC,  equal  to  AD,  and 
one  Foot  on  A,  draw  the  Periphery  BCDB,  and  it’s  done. 

Problem  VrIII.  To  quarter  a  Circle ,  or  in  a  Circle  to  draw  two 


Diameters  at  Right -angles. 


Example.  BCDEB  the  Periphery,  and  A  the  Center  of  the 
given  Circle  ;  in  which  to  draw  two  Diameters  at  Right-angles 
is  required.  Plate  I,  Fig.  12. 

1.  Through  the  Center  A,  draw  the  Diameter  BAD. 

2.  Bifeift  (by  Problem  2.)  BAD,  by  drawing  the  Line  CAE, 
and  it’s  done;  and  if  BC,  CD,  DE,  and  EB  are  equal  to‘  each 
other,  it’s  done  true,  otherwife  not. 

Problem  IX.  To  find  the  Chord,  Sine,  Tangent ,  and  Secant  of 


an  Arc  of  a  Circle. 


Definitions  I.  If  the  Periphery  of  a  Circle  be  divided  into 
360  equal  Parts,  they  are  Degrees ;  a  Degree  divided  into  60 
equal  Parts,  are  Minutes;  a  Minute  into  60  equal  Parts,  are 
Seconds,  life.  Plate  1.  Fig.  13. 

2.  The  Arc  of  a  Circle  is  any  part  of  the  Periphery;  as  EB, 
or  EBF ;  and  is  counted  in  Degrees,  which  are  greater  or  lefs 
in  Proportion  to  the  Radius  of  the  Circle. 

3.  Radius  of  a  Circle  is  half  it’s  Diameter,  or  any  Right-line 
drawn  from  the  Center  to  the  Periphery,  as  AB. 

4.  A  Chord-line  is  drawn  from  one  End  of  an  Arc  to  the 
other;  as  EDF,  or  EB,  are  Chord-lines. 

5.  A  Sine-line  is  half  a  Chord-line  of  double  the  Arc  ;  as  ED 
(being  half  the  Chord  EDF)  is  a  Sineftine  of  the  Arc  BE,  and 
DF  is  a  Sine-line  of  the  Arc  BF. 

6.  Verfed- Sine- line  lies  between  the  Sine-line  and  the  Periphery, 
sts  DB  is  a  Verfed-Sine  of  the  Arc  BE  equal  to  BF. 
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7.  Tangent  touebeth  the  Periphery,  and  is  perpendicular  to  a 
Diameter  in  the  touch  Pundt,  as  BC  is  a  Tangent  Line  of  the 
Arc  BE. 

8.  Secant  cutteth  the  Periphery,  being  drawn  from  the  Center 
'till  it  meet  the  Tangent,  as  AC  is  a  Secant  of  the  Arc  BE. 

Example.  The  Chord,  Sine,  Tangent,  and  Secant  of  an  Arc 
containing  45  deg.  are  required  ?  Plate  1.  Fig.  13. 

r.  With  any  Diftance  (and  one  Foot  on  A)  deferibe  the  Peri* 
pltery  HIBG. 

2.  Quarter  the  Periphery  (by  Problem  8.)  by  drawing  the  two 
Diameters  HAB  and  IAG  ;  then  is  BG  equal  to  0»H,  equal  to 
HI,  equal  to  IB,  equal  to  90  degrees. 

3.  Divide  (by  Problem  2.)  BI  into  two  equal  Paris  in  E,  and 
then  B  E  equal  to  El,  is  equal  to  45  degrees. 

4.  Make  BF  equal  to  BE,  and  dtaw  the  Lines  BE,  and  EDF, 
to  cut  the  Diameter  HAB  in  D. 

5.  At  B  (by  Problem  3.)  ere&  BC  perpendicular  to  the  Dia¬ 
meter  HAB  ■,  or  draw  (by  Problem  I.)  BC  parallel  to  the  Dia¬ 
meter  IAG. 

6.  By  A  and  E  draw  a  Line  to  cut  BC  in  C,  and  it’s  done. 

Then  the  Line  BE  is  the  Chord  of  45  deg.  the  Line  of  EDF 

the  Chord  of  90  deg.  the  Line  ED  equal  to  DF,  the  Sine  of 
45  deg.  DB  the  verfed  Sine,  BC  the  1  angent  Line,  and  AC 
the  Secant  Line  of  the  fame  Arc  BE,  equal  to  45  deg- 

This  Problem  is  the  Ground  work  of  the  Line  of  Rhumbs, 
Chords,  Sines,  Tangents,  Secants,  bte.  Set  on  Rulers  called 
Scales  or  plane  Scales ;  As  alfo  of  the  Degrees  on  the  Quadrant, 
Crofs- Staff,  and  other  Mathematic  Inflruments. 

But  its  chief  Ufe  is  in  a  Right-Angled-Triangle,  as  fhall  be 
fhewed  in  Trigonometry,  when  I  come  to  explain  the  firft 
Axiom  in  making  any  Side  Radius,  fee  Chapter  2.  SeSlion  2.  in 
Page  36. 

Of  Triangles,  the  2 d  Kind  of  Plane  Figures . 

Definition  1.  A  Triangle  is  any  three  corner’d  Figure.  having 
three  Sides  and  three  Angles,  gsABC;  and  in  refpedt  of  its  An¬ 
gles,  is  either  Redtangular  or  Obliquangular.  Plate  1.  Fig.  14. 

2.  A  Right-  Angle-Triangle  hath  one  Right- Angle ;  in  its  mak¬ 
ing  hath  a  Perpendicular  eredled,  or  let  fall,  as  ABC. 

*3.  Thofe  Sides  containing  the  Right-Angle  are  called  Legs : 
as  Leg  AB,  and  Leg  BC.  Plate  1.  Figure  14. 

4.  The  Side  oppofite  to  the  Right-Angle  is  called  the  Hypo* 
tenufe;  as  AC.  Plate  1.  Figure  14. 

Prob,  X. 
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To  make  a  Right  Angle  Triangle ,  the  Hypotenufe,  and 
one  Angle  given. 


Note  l.  The  three  Angles  of  every  Plane  Triangle  (together) 
are  equal  to  180  Degrees. 

2.  To  make  a  Right  Angle  Triangle,  two  Things,  (befides 
the  Right  Angle)  and  one  a  Side,  mud  be  given. 

Examble  The 3  HyPotenufe  AC  *37  Feet!o-iven 
example.  1  ne^  Ang]e  BAC  34d.  30m.  J  Siven' 

With  them  to  make  a  Right  Angle  Triangle  is  required. 
Plate  I.  Fig.  15. 

1.  Make  the  Angle  BAC  equal  to  34d.  3om.  (by  Prob.  5. 
Example  2.)  that  is,  take  aChomfcof  6od.  and  with  one  Foot  on 
A,  draw  an  Arc,  and  on  that  Arc,  lay  the  Chord  of  34d.  30m. 
drawing  AB  and  AC,  which  includes  the  Angle  BAC  equal  to 
34d.  3om> 

2.  Make  AC  equal  to  137  Feet;  that  is,  from  any  Scale  of 
equal  Parts  take  737,  and  lay  it  from  A  to  C. 

3.  From  C  (by  Prob.  4..)  let  fall  the  Perpendicular  BC,  to  cut 
the  Line  AB  in  B,  and  it’s  done. 

Prob.  XI.  To  make  a  Right  Angle  Triangle ;  the  Hypotenufe  and 

one  Leg  given. 

Example.  The  |  Leg  AB^-— —  342  |PercheS  gIven* 

With  them  to  make  a  Right  Angle  Triangle  is  required. 
Plate  1.  Fig.  16. 

r.  Make  AB  equal  to  342  Perches ;  that  is,  from  any  Scale  of 
equal  Parts  take  34.2,  and  lay  it  from  A  to  B. 

2.  At  B  (by  Prob.  3.)  eredt  a  Perpendicular  BC. 

3.  With4n  Perches  (That  is,  take4n  from  the  fame  Scale 
of  Equal  Parts,  the  342  was  taken)  and  with  one  Foot  in  A,  cut 
the  Perpendicular  in  C. 

4.  From  A  to  C  draw  a  Line,  and  it’s  done. 

Prob.  XII.  To  make  a  Right  Angle  Triangle ,  one  Leg  and  one 

Angle  given. 

Ex  amble  The  5  LeS  AB  4i  5  Miles  7  . 
example.  1  he|  Ang,e  gAC  4od>  25m.  \  given. 

With  them  to  make  a  Right  Angle  Triangle  is  required. 
Plate  1.  Fig.  17. 

1.  Make  AB  equal  to  415  Miles,  that  is,  from  any  Scale 

B  of 
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of  equal  Part3,  take  415,  and  lay  it  from  A  to  B ;  and  at  B, 
(by  Prob.  3.)  in  Page  12,  eredf  a  Perpendicular  BC. 

2.  At  A  by  Prob.  5.  (Example  2.)  in  page  13,  make  the 
Angle  B  A  C  equal  to  4od.  25m.  (which  is  thus,  take  a  Chord 
of  6od'  and  with  one  P'oot  on  A,  draw  an  Arc,  oh  which  Arc 
lay  the  Chord  of  4od.  25m.)  by  drawing  the  Line  AC,  and  it’s 
done. 


Problem  XIII.  To  make  a  Right  Angle  Triangle,  the  Legs  given ; 


Example.  The  Leg  j  j  Leagues,  given. 


With  them  to  make  a  Right  Angle  Triangle,  is  required. 
Plate  1.  Fig.  18. 

1.  Make  AB  equal  to  404  Leagues  ;  and  at  B  (by  Prob.  3.) 
in  Page  12,  eredt  a  Perpendicular  BC. 

2.  Upon  the  Perpendicular  make  BC  equal  to  328  Leagues, 
and  from  A  to  C  draw  a  Line,  and  it’s  done. 


Of  Oblique-angle  Triangles, 

Definition  1.  An  Oblique  Triangle  hath  three  Oblique  Angles, 
and  is  either  an  Obtufe  or  an  Acute  Triangle. 

2..  An  Obtufe  Triangle  hath  one  Obtufe  Angle,  that  is,  one 
Angle  more  than  gcd.  as  BCD.  Plate  1.  Pig.  19. 

3.  An  Acute  Triangle  hath  all  its  three  Angles  Acute;  that  is, 
each  Angle  is  lefs  than  9od.  as  EFG.  Plate  1.  Fig.  19. 

Note ;  To  make  an  Oblique  Triangle,  three  Things,  and  one 
of  them  a  Side)  mull  be  given. 


Problem  XIV. 


To  snake  an  Oblique  Triangle ,  two  Angles  and 
one  Side  oppofite  given. 


BCD  ii4d.* 


Example.  The]AnS,e  j  BDC  26d. 

CSide  BC  352  Miles- 


40m 


given. 


\ 


With  them  to  make  an  Oblique  Triangle  is  required.  Plate  1. 
Fig.  19. 

1.  Make  BC  equal  to  352  Miles;  and  at  C  (by  Prob.  5. 
Example  3.)  in  Pages  13  and  14,  make  the  Angle  BCD  equal 
to  H4d.  by  drawing  the  Line  CD;  that  is,  take  a  Chord  ot 
6cd.  and  with  one  Foot  on  C,  draw  an  Arc,  on  that  Arc  lay 
the  Chord  of  H4d.  by  taking  its  half  57c!.  and  laying  it  twice 
on  the  Arc,  by  which  draw  the  Line  CD,  thereby  you’ll  con¬ 
clude  the  Angle  BCD  114  Degrees.  As 
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the  Sum  of  the 
the  Sum  of  the 


2.  Add  H4d.  and  26d.  40m.  it’s  I40d. 
given  Angles;  which  fubtradt  from  i8od. 

Three  Angles.  - — 

Remainder  is  the  Angle  CBD - 39<d.  20m. 

3.  At  B  (by  Prob.  5.  Example  2.)  in  Page  13.  make  the 
Angle  CBD  equal  to  3gd.  20m.  by  drawing  the  Line  DBS 
tha?  is,  with  a  Chord  of  6od.  and  one  Foot  on  B,  draw  an 
Arc,  on  that  Arc  lay  the  Chord  of  3gd.  20m.  by  which  draw 
the  Line  BD,  and  it’s  done. 

Prob.  XV.  To  make  an  Oblique  Triangle ,  two  Sides  undone 
Angle  oppojite  given. 

Hi 

L  Angle  BCD  ioBd.  30m 
With  them  to  make  an  Oblique  Triangle  is  required.  Plate  1. 
Fig.  20. 

1.  Make  BC  equal  to  274  Miles,  and  at  C  (by  Prob.  5. 
Example  3.)  in  Pages  13  and  14,  make  the  Angle  BCD  equal  to 
lo8d.  30m.  by  drawing  a  Line,  CD. 

2.  With  426  Miles,  and  one  Foot  in  B,  cut  the  Line  C  D  in 
D,  and  by  B  and  D,  draw  a  Line,  and  it’s  done. 

Prob.  XVI.  To  make  an  Oblique  Triangle ,  two  Sides ,  and 
an  included  Angle  given. 


Example.  The 


|  Miles  ^ 


given. 


Example.  The 


5  Side  j 
L  Angle  < 


1 


given. 
Plate  i< 


BC-  327  l  Feet 
BD  —  274  S 

_  Angle  CBD  ioid.  30m. 

With  them  to  make  an  Oblique  Triangle  is  required. 

Fig.  21. 

1.  Make  the  Side  BC  equal  to  327  Feet;  and  at  B  (by 
Prob.  5.  Example  3.)  in  pages  13  and  14.  make  the  Angle 
CBD  equal  to  ioid.  30m.  by  drawing  the  Line  B  D. 

2.  Make  BD  equal  to  274  Feet;  and  by  C  and  D  draw  a 
Line,  and  it’s  done. 

Problem  XVII.  To  make  an  Oblique  Triangle ,  three  Sides  given. 
Note ,  Any  two  Sides  mull  be  greater  than  the  I  hird,  to  make 
a.  Triangle. 

CBD  525I  . 

Example.  The  Side  BC  425^  Leagues  given. 

(.CD  250 3 

With  them  to  make  an  Oblique  Triangle  is  required.  Plate  I . 

Fig.  22. 

1.  Make  BD  equal  to  525  Leegues  ;  then. with  425  Leagues, 

and  one  Foot  in  B  draw  an  Arc  C. 

J]  2  2.  With 


{! 
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2.  With  250  Leagues,  and  one  Foot  in  D,  cut  the  Arc  in 
C,  and  from  C  draw  Lines  to  B  and  D,  and  it’s  done. 

Sect.  III.  Of  Proportions  for  the  ready  rr.eafuring  of  Superficies 

and  Solids. 

HAving  {hewed  how  to  make  the  mofi  common  and  ufefut 
Geometric  Figures,  I  now  proceed  to  their  (and  others) 
Menfuration,  by  exaft  and  eafy  Rules. 

Now  to  prevent  the  Book’s  fwelling  too  great,  I  will  not  trou¬ 
ble  you  with  Arithmetic;  Calculation,  but  prefent  you  with  an  In- 
fbumental  way  of  Operation,  that’s  quick  and  true,  ealy  and 
ieady  on  Gunter  s-Scale,  an  Inftrument  fo  very  well  known,  it 
needs  the  lefs  Defcription ;  only  to  avoid  Repetitions  take  this 
excellent  Rule. 

A  General  Rule  for  Gunter’s-Scale. 

Extend  the  Compafs  from  the  firft  Term  (in  a  Geometric  Pro¬ 
portion)  to  the  fecond :  That  Extent  (if  rightly  laid)  from  the 
thud,  will  reach  to  the  fourth  Term,  or  Thing  required. 

This  Rule  well  minded,  will  make  what  follows  appear  eafy, 
•Mid  fave  many  Words  and  much  T  ime  ;  and  therefore  to  explain 
it,  take  this  Proportion. 

As  2  is  to  6 ;  fo  is  5  to  15  ;  which  I  fhorten  thus  j 
As  2  ..  6  :  :  5  ..  15. 

.  The  Extent  (°n  the  Line  of  Numbers)  from  2  unto  6,  accord¬ 
ing  to  the  faid  General  Rule)  will  reach  from  5  unto  15,  the 
fourth  Term  and  Thing  required. 

Thefe  Words  may  be  fpar’d  by  the  fhort  way  of  writing  the 
J  roP°rtion  and  minding  the  Order  of  the  Terms,  as  in  the  Prob- 
Jems  following:  But,  for  a  full  Explanation  of  the  Gunter 
f"^°rTW“r7k,  a"/  Proportion  by  it,  fee  my  Addition*  to 

Mr.  WAKELEY’s  Mariner’s  Compass  Rectified 

rage  18 r,  &c.  * 

Prob.  XVIII.  The  Diameter  of  a  Circle  given-,  to  find  its  Periphery. 

The  Rule.  As  j  ,  |  ••  3.14159  |  :  :  Diametej ..  Periphery. 

Example  The  Diameter  34  Inches  :  What’s  the  Periphery  ? 
Anfw.  Inches  106.8  Tenths  of  an  Inch.  For,  P  ^ ' 

ASi  i-  1  ■'  I  23-”t4i 59  }  :  ;  34  Inches  ..  I06.8  Tenths. 

That 
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That  i,  .he  Extent  of  *e  ^  tl“1\ 

M  ‘"e  reft' 

prob.  XIX.  By  the  Periphery  to  find  the  Diameter. 

A  S  22  ~1  5 1  _ -1  •  :  Periph.  Diamet. 

PheRule.  As'^3,i4i59^  L0.3183J 

£*«,.  The  Periphery  Inches  ro6  8  Tenths;  what  .s  the 
Diameter  i  A/to.  Inches  34.  For  as  21 ..  7  •  •  Inches  34 

laches,  the  Diameter  required.  #  •  * 

Pe0b.  XX.  The  Diameter  of  a  Circle  given ;  to  find  its  Area ,  or 

ri  Find  its  Periphery  by  Prab.  18.  Then  fay. 

The  Rule  j  2  As  1  ..  I  Diameter  :  :  \  Periphery  ..  Area. 

Exmf  Diameter  ,4 Inches  ,  What  is  „s  Area  t  Anj*. 

ISByP«i'  l8.  The  Diameter  being  14,  the  Periphery  is  44 
Jnches,  and  by  Area,  ot  Content  required  t 

Prob.  XXI.  By  the  Periphery  to  find  the  Area , 
c  x  Find  the  Diameter  by  Prob.  19.  And  then, 

"i  *t£  ^  Wha,  is  the  Areal 

And  by  Prob.  20,  it  is  thus.  As  1  ..  3-5 
thC^Ca  The  Ama  is  of  the  fame  Name  with  the  Dimenfions 

Prob-  XXLI:  TfU-TZ:  fimd  m 

.  .  Are^t  in  Inch.  ..  Area  in  Feet. 


j.  Rule  for  Feet;  fay,  144- 
2.  £«/*  for  ^  282  ?  j 

Gallons.  As  l  231  S  . .  ^  £rft  Rule,  take 

■  This  needs  no  Example  ;  and  to  avoid  th  «  >  Foot 

the  Dimenfions  m  Foot-meafure ;  that  is,  .  iUvi(]ed 


Area  in  Inch.  -^Wine  |^allonS 


Prob.  XXIII.  The  Diameter ,  or  Periphery  of  n  C  l 

find  ,h,  Sid,  ,f,h,  H„m  Sfmri>  1 1  ’hCdTj’Z:  “ 

feribed  Sc.ua, e,  „r  biSEr  'h' 

whaTf ;be  lhd:  S'xet  T„fckdcrIe  beins  Fr  «  t «■>»  i 

D?or“sAS^-  r:et  the  Ch°rf  °f  90 

or  Side’  of  the  inferred  Squart.  ”  2'4°38  ^  ^h°rd  of  9°  Deg. 

Prob.  XXIV.  The  Bafe  and  Perpendicular  of  a  Triage  • 

to  find  the  Area.  1  gk  ^  > 

Example'  The  bz(l  "  Area  re9 uired. 

Inches  given;  I  demand  the  Area?’  An/h>  the  PeFPendicu]ar  i2 
For  ;  As  i  ..  8  •  •  „  il  .V  96  Inches. 

•  •  12  •  96  the  Area  required. 

Prob.  XXV.  The  Length  and  Breadth  of  a  Parallelovr 

to  find  its  Area1  aralldogram  S™e»  ; 

»  A&;  and  fc\«f  **  -  *»  Side, 

Plate  x.  />,.  23.  C,ther  4  Parallelogram  or  a  Trapezium 

-  ABACDar!ndOSrei,hhSVs™PP0&%Sld'S  ^  and 

O.  Rhomboide;  the  firft  two  are  Reft  L°.n=;-jq<'are,  a  Rhombus, 
matter  are  Obliquangled  Parallelograms.3"2  ^  ParalleJoSrams>  the 

ABCD.  23.h  f0Ur  e9ual  Sides,  and  four  equal  Angles  ;  as 

equal  Angles2;  asEFGa  °PP°flte  Sides  equal,  and  four 

Angles  equal ;  aUKLM.^A^^-  SideS’  2nd  but  tWo  °PP°fite 

Pof.te  A^fe“quah  a^Nopk' 'W°p -PP°^e  Sides>  a”d  two  op- 

tbe  ptpJJi cI?MN°Tf  QR  ^ /n0t  1 M  "or  NQ.;  but 
grams,  obferve  this  General  Ru]e’  Md  f°  mea(ure  all  Parallelo- 
Breadth  Length  ••  Area  required. 

Ex- 
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_  A,  T  a  Snuare  whofe  Length  A  B,  and  Breadth  B  C, 
f Tenths  ;  What  is fhe  Area?  Anfiw  Feet  6.25 
each  is  heet  2  5  :  2.5  ••  6.25  Area.  23. 

P-  of  I?0!  a  Lo^-fquare,  whole  Length  EH,  is  Feet  2.5, 

h  FF  is  Feet  i\  :  What’s  the  Area i  Anfw.  4  Feet, 
and  Breadth  EF  Feet  the  ArS '  S  24; 

3.  A  Rhombus  whofe  Length  Ik.  is  Feet  2.5,  an 

Feet  ,6:  What  rs  the  Area  >  Afc  ^ 

T7  Ac  t  ..  t  6  •  '  2.q  ••  4  Feet  the  Area  required. 

Example  3  A  RhomboHe  whofe  Length  N  O  >s  Feet  25, 
Jixampug  What  is  its  Area  ?  Anfw.  300. 

anc Br  A,  “  «  ..  30c  Fee,  the  Area  required 

For;  As  1  12  •  •  piate  r.  26. 

Prob.  XXVI.  The  Diagonal  and  live  Perpendiculars  of  a  dia- 

pezium  given  ;  rc  find  its  Are  •  » 

>•  A  ^'TbCD  its  oppofrte  Sto^and  its  op- 

't-fKSs  a  Lite  drawn  from  its'oppofrte  Angles  ,  as 

A<J  The  two  Perpendiculars,  are  le,  fall  from  the  Angles  to  the 

DiSl;eaao?aTrapde°um,  is  found  by  this  Rule.  _ 

As.  -  t  Diagonal  y  Surnof 

Example-  a  iagon  ?  vVirat’s  the  A  rea  ?  Aufw.  378  1  eet. 

,5  Feet ;  and  DF  .a  Feet .  w  the  Area  required. 

*4  *  '  7  Plate  x.  27. 

The  Length  and  Breadth  of  an  Ellipfis  called  an 

Oval ,  given  ;  to  find  the  Area. 

Tie  Ruh.  As  r  ■■  Breadth  Length  ■■  4*  Numb.  Then  fay  again. 

5  14  I  5  11 - l  •  •  4th  Number  ••  Area  required. 

rW'©!iaS»*» 

Conjugate  Diameter  8  Feet.  vvr  Number. 

The  f  As  .4  •  V.  !  :  9*  ~  ^54  *«  Area  required. 

Prob.  XXVIII.  ^^^f"Xam  >hNumber. 
The  Rule.  As  I  Axe  .  .  ou  Area  required. 

Then,  fay  again.  As  3  ••  2  •  •  ^  the  Double  Or- 

Examp.  The  Axe  of  a  Parabdj  9  b  eet 

dinateS  Feet.  What’s  the  Area  i  Anjw.  ,40  For 


For;  As  I 
Prob.  XXVII. 
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^.or»  As  i  ••  9  :  :  8  ..72  the  4th  Number. 

And  then  ;  As  3  ..  2:172  ..  48  Feet  the  Area  required, 

Se£t.  IV.  Of  Solids,  the  third  Kind  of  Magnitude. 

Definition.  A  Solid  hath  Length,  Breadth  and  Depth  ;  and  is 
bounded  by  one  Superficies,  is  either  a  Sphere,  or  a  Spheriod  ; 
but  bounded  by  more  than  one  Superficies,  is  either  a  Prifm,  a 
Pyramid,  a  Prifmoid,  or  a  Pyramidoid  ;  or  compounded  of  the 
laft,  called  a  Spindle. 


Prob.  XXIX.  The  Diameter  of  a  Sphere  given  -y  to  find  the  Solid 


Content. 


Definition.  A  Sphere  or  Globe,  is  a  Round  Solid,  whofe  Length, 
Breadth,  and  Depth,  are  a-like  and  equal  ;  being  made  by  the 
Rotation,  or  moving  of  a  Semi-circle  about  its  Diameter  ;  whofe 
Solid  Content  is  found  by  this  Rule. 


|  :  :  Cube  of  Diam.  ••  Cont.  required. 


11 - 


As 


•523599 


Example.  A  Sphere  whofe  Diameter  is  Feet  2.42  Parts :  What’s 
the  Solid  Content  l'  Anfw.  Feet  7.43  Parts  of  100. 

For;  —  As  1  ..  2.42  :  :  2.42  ..  5.86  :  :  5.86  ..  14.17  the 
Cube  of  the  Diameter;  Then,  Feet 


\  if  ”  |  0.524  }  :  :  14.17  ..  7.43  the  Content  required. 


As 


In  fuch  Cafes  as  this,  the  readieft- Way  is  to  extend  the  Com- 
pafles  from  the  fiift  ’Perm  to  the  third  Term;  and  that  being 
turned  over  three  times  from  the  fecond  Term,  will  reach  the 
Thing  required. 

As  here,  the  Extent  from  1  to  Feet  2.42,  the  Diameter,  turned 
three  times  from  0.524,  Gfc.  reacheth  to  Feet  7.43  Parts  of  ico, 
the  Content  required.  For  it’s  thus ; 

1  ..  2.42  :  :  0.524  ..  1.27  :  :  1.27  ..  3.07  : :  3.07  ..  7.43,  that  is. 
The  Extent  from  1  to  2.22,  (on  the  Line  of  Numbers)  will 
reach  from  O.524  to  1.47  ;  and  the  fame  Extent  will  reach  from 
1.27  to  3.07  ;  and  the  lame  Extent  from  3.07  reacheth  to  Feet 
7.43  Parts  of  100. 

Prob.  XXX.  The  Diameters  of  a  Spheroid  given  ;  to  find  the 

Solid  Content. 

Definition.  A  Spheroid  is  an  Oval  Solid,  Longer  than  it  is  Broad 
or  Deep  ;  being  made  by  the  Rotation  of  a  Semi-Ellipfis  about  its 
Diameter;  the  Solid  Content  is  fgund  by  this  Rule. 


Rule . 


,foIrt<foS_ 


q.  wii 

Pntm  yn 
Sut/MCt  4?  2\ 
j£,?*tta  V.‘ f  35 


cO 

3£_ 

£em-  «W 


\£‘/dV(&- 
'lUmttu  j 
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Rule.  As  I  •  •  Square  of  Depth  :  :  Length  . .  a  4th  Num.  then  fay, 

A  J  21 1  $  ll  \:  :  4th  Number  ••  Content  required. 

^  1  Example.  A  Spheroid ,  whole 

Length  or  Tranfverfe?  p;ameter  is  Inches  j  ^  j* Tenths. 

Depth  or  Conjugate  J  Tenths. 

What’s  the  Solid  Content  ?  Anfw  Inc  63  4^  ^  £xte^ 

For  it’s,  As  1  ..  Square  4.1  7-  "  d  A  reacheth  to  121. 

from  1  to  4.1  is  turned  twice  horn  ,.2>  and 

Then  fay,  ?  C  Inches  63.4  Tenths,  the 

As  |  2 1  }  "  121  '  ’*  l  -524  >  «■  Content  reqU'o  1  ; 

Or  thus;  As  1  ••  4-1  ''  Line  ^f  lumbers  from  1  ’to  4. 1 
That  is,  the  Extent  on  the  Line  ^  ^  from  2.,5 

will  reach  from  0.524  to  2.15  , 

to  8.S1  Parts  of  100.  6o  4  .  that  is,  the  Extent  from 

,  P&1  wffl1  Jh8E„'7Vo  InchU  63.4  Tenths,  the  Sohd 
Content  required. 

Prob.  XXXI.  The  Dimenfm^u  ^ ^  ^  ^ 

n  ,  v  „  T  \  Prifm  is  a  ftrait  Solid,  whofe  two  Bafes  or 

Endf^al,  B*T  as  a  Round 

all  arc  meafuted  by  this  G“^n'E  •'  Solid  Content. 

's  *  ^  ^ 

Diameter  at  each  End  is - ^Inches. 

“  SS  5 5*  ....... .. 

Th,en  lt  1?’  ,  ,  .  .  *0  I02Q2  Inches,  the  Solid  Content  req.  ? 

tLfk  t  AnEllipiic  Pnfrn.  whole  Bales  are  «,«! 

their  f  12. ") 

Tranfverfe  7  Diameter  is  <  0  (.Inches  given. 
Conjugate  5  ...  1  ‘  ( 

T  enuth  of  the  Solid  is  -  3°-.'  r 

What’s  the  Solid  Content  ?  Ww'  InC“eS  226  * 

A  '  \ 
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For  its  Bafe  being  an  Ellipfxs,  the  Area  by  Prob.  27  is  Inches 
75.4,  and  then  it  is. 

As  1  ••  75.4  :  :  30  ••  2262  Inches  the  Solid  Content  required. 

Exa?nple  3.  A  Triangular  Prifm,  whole  Safes  are  two  equal 
Triangles,  in  each  of  which 

1  he  j  Perpendicular  }  is  {  it  }  Inches  givcn- 
And  the  Length  of  the  Solid  is  20  Inches. 

What’s  the  Solid  Content  ?  Anfw,  Inches  1920. 

The  Area  of  the  Bafe  (by  Prob.  24)  in  Page  22,  is  96  In¬ 
ches  ;  and  then  it’s, 

As  1  ••  96  :  :  20  ••  1920  Inches,  Solid  Content  required. 
Example  4.  A  Cube  which  is  a  Quadrangular  Prifm,  of  equal 
Length,  Breadth  and  Depth,  being  cloathed  with  fix  equal 
Squat  es,  each  Side  being  Inches  12  :  What’s  the  Solid  Content  ? 
Anfw.  Inches  1728. 

For,  As  1  ••  Square  of  12  :  :  12  ••  1728  :  That  is,  the  Ex¬ 
tent  from  1  to  12,  turned  over  two  Times  from  12,  reacheth  to 
Inches  1728  the  Solid  Content  required.' 

Example  5.  A  Parallelopipedon,  or  Quadrangular  Prifm,  whofe 
9  Bafes  are  two  equal  Squares,  of  each,  one 

Length'  2I.75  ^  tParts  °f  1 00  given  j 

"What’s  the  Solid  Content  ?  Anfiv.  Feet  33.9  tenths. 

For,  As  1  ••  Square  of  1.25  :  :  21.75  :  :  Feet  33.9  :r  That  is, 
the  Extent  from  x  to  r.25,  being  turned  two  Times  from  21.75 

will  reach  to  33.9,Ntlje  Solid  Content  required. 

N 

Example  6.  A  Parallelopipedon,  or  a  Quadrangular  Prifm, 
whofe  Bafes  are  two  equal  Long-fquares,  in  each, 

,  C  Breadth  is -  i.bl 

e  t  Depth  is - 2.5  j-  Feet  given. 

And  Length  of  the  Solid — 15.5  j 
What’s  the  Solid  Content?  Anfwer  Feet  62. 

Foritis,  As,  1  ••  1.6  :  :  2.5  ••  4  Feet,  the  Area  of  the  Bafe. 
Then,  As  1  ••  4  :  :  1 5.5  ••  62  Feet,  Solid  Content  req. 

In  the  like  manner  may  be  the  Solid  Content  of  any  Prifm  be 
found,  let  its  Bafe  be  of  what  Form  foever;  for  its  Area  may 
be  found  by  Prob.  20,  21,  22,  23,  24,  25,  26,  or  27,  and 
the  Solid  Content  of.  the  Prifm,  by  the  General  Rule  in  Problem 
the  31ft.  '  Prob, 
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P  nVi  XXXII.  '  The  Dbnen flops  of  a  Pyramid  given  ;  to  find  the 

Solid  Content . 

Definition  I.  A  Pyramid  is  a  ftrait  Solid,  having  one  Bafe, 
and  t’other  End  a  Punft,  called  the  Vertex.  p  , 

2  A  Pyramid ,  takes  its  Sir-name  from  its  Bafs,  as  a  Round, 
an  Elliptic,  a  Triangular,  a  Quadrangular,  or  a  Multangular 
Pyramid  ;  all  are  meafured  by  this  one  ^General  Rule. 

YAs  3  ••  Area  of  Safe  :  :  Length  ••  Solid  Content. 

N0te;  By  Length  underhand  a  Perpend, culr  from  the  Vertex 
to  the  Baie,  and  not  the  Length  of  the  Pyramid  on  its  Surface  oi 
outfide  from  Vertex  to  Bafe. 

Example.  A  Round  Pyramid,  called  by  fome  a  Cone,  whofe 

Diameter  at  Bafe - 21  C  Inches  given.  . 

Perpendicular  Length  30  \  _ 

What’s  the  Solid  Content  ?  Jnfw.  3465  Inches. 

For  the  Area  of  the  Bafe  is  Inches  346  Q  by  Prob  20  And 
Then;  As  3  ••  346.5  :  :  3°"  3465  ^es,  whtch  is  the  Solid 

^TheVike'do  for  any  other  Pyramid,  which  I  pafs  over,  having 
given  fix  Examples  in  a  Prifrn,  and  leave  you  to  apply  them  here. 

The  Dimenfons  of  a  Prifmoid  given ;  to  find  the 
Solid  Content. 


Prob.  XXXIII. 


Definition  I.  A  Prifmoid ,  is  a  ftrait  Solid  having  two  unequal 
Safes7  or  Ends,  but  are  parallel,  like,  and  a-like  fttuate. 

2.  A  Prifmoid ,  is  as  various  as  a  Prifm,  and  is  no  other  than 

the  Fruftrum  of  a  Pyramid. 

3  Frujtum  of  a  Pyramid,  it  the  lower  Part  of  it  when  the 
upper  Part  of  it  is  cut  off  parallel  to  the  Bafe  ;  and  all  of  them 

may  be  meafured  by  this  General  Rule.  ' 

u  Multiply  the  Area  of  each  Bafe  together,  and  from  the 

Produft  extraa  the  Square  Root.  ,  ,  „ 

2.  Add  the  Area  of  each  Bafe  and  that  Square  Root  into 

one  Sum  .  1  hen?  p  i* «  p  .  .  i. 

•2  Sav,  as  3  ••  that  Sum  :  :  Length  ••  Solid  Content, 

But  for  a  Square  Prifmoid ,  take  this  particular  Rule  ; 

1.  To  the  Square  of  each  Side,  add  the  Produht  ot  the  Sid^s 

into  one  Sum  ;  then,  n 

Say,  As  3  •’  that  Sum  :  :  Length  ••  Solid  Conten.. 

And  for  a  Round  Prifmoid  this  is  the  Rule.  ^  AJd 


i.  Add  the  Square  of  each  Diameter  and  the  Produa  of  the 
two  Diameters  into  one  Sum  :  And  then, 

2  Say,  As  3.82  ..  that  Sum  ;  :  Length  ..  Solid  Content. 

t,  ?:  n.«togely  tho-ss  As  3,8.97,  is  the  aforefaid  Sum  ,  lb 
-i  the  Length,  to  the  Solid  Content. 

PyaZfVi,/ ^  Prifmid>  °f  ‘  ^r< 

Side  is  Inches.  f'5? 

Perpendicular  Length  |  ^  J  ^es  gtven , 

What’s  the  Solid  Content  ?  Anfw.  8820  Inches. 

For  ;  As  I  ..  {'f{  ::  KSM 

1  9J  (-  135  Produa. 

Sum  of  the  two  Squares  and  Produa  is  —  44 j  Inches; 

required  ?  ^  3  "  Ul  ''  ''  6°  "  8820  IncheS>  the  Solid  Content 

2'  ^  Eound  Prifnoid  (or  the  Frujium  of  a  Cone ) 

Leaftt£^  [  Diameter  is  V  I<5?  r 
Perpendicular  Length  is  6  60.0  1  §1VCn' 

What’s  the  Solid  Content  i  Anfw.  Feet  69.25. 

For;  As  1  ..  ;  :  W l  ..  j 0.8?  Square! 

Ca9-)  1 1.5,3  C  1.35  Produa. 

Sum  cf  the  two  Squares  and  Produa  —  4.41  Feet. 

I  hen.  As  3.82  ..  4.41  :  :  60  ..  69.25  Feet,  the  Solid  Content. 

An  ElllPtic  Prifmoid  or  the  Fruf.um  of  an  Elliptic 

Created  Diameter  at  Top,  Inches  7.5  A 
Teait  Diameter  at  Top  ■ —  ^  i 

Sn,Dia!I'eteratBott0m -  8-7  />  Tenths  given, 

^eait  Diameter  at  Bottom  - _ —  5  8  I 

I  e.pendicular  Length  - -Inches  47.0  J 

What’s 
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What’s  the  Solid  Content  ?  Anjw-  1  ^laVfTop  Long  Square. 

As  l  ..  \  5  8  1  •  All  r*  1  50.46  Area  of  Bottom  Ditto. 

(  5.8  !)  1  -7  whofe  Square  Root  is  43.5 

As  1  ••  37-5  5046  ••  lb<52'25  Xrea  at  Top -  37-5 

Area  at  Bottom -  5°46 

Sum  is  —  13^46 
„  . A  •  •  a*7  1617.4  Inches  the  Sold 

Then;  As  3.82  »  *3*46  ••  47  ••  10I'*+ 

the  afotefaid  P^oid^d 

having°the  'fame  plmerifionsl^it’s  Solid  Content  .3  Inches  *o6o, 

very  near,  for  it  is  thus  Inches  the  Solid  Content. 

As  3  -  13*46  :  :  47  •’  5 

Prob.  XXXIV.  »  ^ ££?”*** *"  ’ 

Definition  I.  A  "[£/  thl’Ycrtel'l’  but  the  out. 

*  ”0— •  S^WdlC’  Paiab°',C’ 

aH>I Pyramidoid,  takes "^'ypXlif Round  Pyrjuni- 
S-“nd  lP  o7tt  as  in  a  Pyramrd  ,  all  may  be  meafured 

by  aZT iGA““  of AeBafe  ::  Length  ..  Solid  Content,  when 

a  Spheroidic  Pyramidoid  ;  but  if  2> 

Pyrabolic  ?  The  firft  Term  is  |  2  + 

whofe 

Diameter  at  the  Bafe - 2 1  finches. 

Perpendicular  Lengt  *  dit,?  n  f693o 

What’s  the  Solid  Content,  if  |  ^  1 4331  .2 

.  t  1  t,a  ,  Tenths,  by  Prob.  20. 
The  Area  of  the  Bafe  .s  Inches  i46-S-  ' 

And  then  it’s,  r  ,  ■  Spheroidic  1  Solid 

C  1.57  ,  Parabolic  VCont.  in 

As}  2.  [  ••  I46,5  :  •  H  J! \’l  Hyperbolic  3  Inches. 

1-2.4J  '  '  Mere 


irauical  Geometry. 


^nap. 


More  Examples  I  think  here  needlefs,  having  given  fo  many  in 
a  Pram,  and  the  Rule  for  this  and  that  being  fo  much  alike/ 

Prob.  XXXV.  The  Dmenfms  of  a  Frufium  of  a  Parabolic 
Pyramdoid.  given  ;  to  find  the  Solid  Content. 

tiffin  £tm'  U  ‘he  '0Wer  P“  °f  3  i>amid°id>  « 

A  General  Rule. 

This  is  the  fame  with  the  General  Rule  for  a  Prifmoid  fave 
only  in  the  third  Precept,  which  in  this  Cafe  is  thus. 

As  2  ..  that  Sum  :  :  Length  •  •  Solid  Content  required 

But  for  the  Fruftum  of  a  Square  Parabolic  Pyramided  take  this 
particular  Rule. 

1.  To  the  Square  of  the  greateft  Side,  add  the  Square  of  the 
Jeait  Side  into  one  Sum  :  Then, 

2.  Say,  As  2  ..  that  Sum  :  :  Length  ..  Solid  Content  required 

And  for  a  Round  Fruftum,  that  is  Parabolic,  the  Rule  is  ;  * 

1.  Add  the  Square  of  each  Diameter  into  one  Sum  ;  Then 

2.  Say,  As  2.546..  that  Sum  :  :  Length  ..  Solid  Content  * 

.  Vr  ™ore  largdy  thus;  As  2.54649,  is  to  the  forefaid  Sum  •  fo 
is  the  Length  to  the  Solid  Content.  ’ 

1.  The  Fruftum  of  a  Square  Parabolic  Pyramidoid, 

Side  at  Top - 1  fa") 

Side  at  Bottom  - >  is  Inches 

Perpendicular  Length —  j  (.48 


given 


•  or 


What’s  the  Solid  Content  ?  Anfw.  1824  Inches. 


As 

As 

As 


4 

6 

4  : 


4  ••  1 6' the  Square  at  Top. 

6  ••  36  the  Square  at  Bottom. 

6  ••  24  the  Produd  of  the  two  Sides. 


Sum  of  the  two  Squares  76  Inches,  and  the  Producft  of  the 

two  Sides. 

Then  fay;  As  2  ••  76  ;  :  48  ••  1824  Inches,  the  Solid  Con¬ 
tent. 

Example  2.  The  Fruftum  of  a  Round  Parabolic  Pyromidoid 
(or  the  Fruftum  of  a  Parabolic  Conoid)  whofe 

Diameter  at  Top  - - - .  4} 

Diameter  at  Bottom  - - — —  6  £  Inches  given* 

Perpendicular  Length - - - .  48  j 

V1-' hat’s  its  Solid  Content  ?  Anfw.  1433  Inches. 


For 


Se£ t.  V.- 

For;  As  I 
As  i 

As  i 
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4 

6 


16  the  Square  at  Top. 

36  the  Square  at  Bottom. 

24  the  Produft  of  both  Diameters. 


Sum  of  the  two  Squares  —  76  Inch.  &  theProdu<3ofboth  Diana. 
Then  fay;  As  2.546  ••  76  :  148  ••  1433  *nches>  the  Solid 
Content. 

Seft.  V.  The  Application  of  the  whole ,  /«  meafuring  Board,.Glaf, 
Plai/lering ,  Painting ,  Paving,  and  Land,  Timber  and  Stone , 
Gauging  of  Cajk ,  and  a  Ship  s  Hold. 

rjOard  or  Plank,  Glafs,  and  flat  Stone,  are  meafured  by 
Foot  Square-,  or  Superficial  Foot,  containing  144 
Square  Inches,  or  12  Times  12;  fo  that  to  know  how  many 
Square  Feet  are  contained  in  the  Area,  or  Content  of  any  Su¬ 
perficies  taken  in  Inches,  the  Proportion  is  this  : 

As  144  ••  x  :  :  Content  in  Inches  ••  Content  in  beet. 

But  the  eafieft  Way,  is  to  have  the  Foot  of  12  Inches  divided 
Decimally  into  100  Parts,  called  Foot  Meafure ;  and  by  fuch  a 
Foot,  to  take  the  Dimenfions  of  the  Thing  you  would  meafure, 

or  know  the  Content  of,  in  beet.  1 

Then  confider,  if  the  Thing  to  be  meafured  be  a  Circle, 
Triangle,  Square,  Long-fquare,  &c.  the  Rule  proper  for  fuch 
a  Figure  (in  Seft.  3.  of  this  Chapter)  dire&s  to  find  the  Area, 

If  the  Thing  to  be  meafured  be  a  Circle,  then  Prob.  20.  cr 
21  Iheweth  how  to  find  its  Area  ;  if  .it’s  a  Triangle,  then  Prob. 
24  ^ives  a  Rule  to  find  the  Area ;  if  a  Parallelogram  Prob.  25 
hath  a  Rule  to  find  its  Area,  whether  it  be  a  Square,  a  Long- 
fquare,  a  Rhombus,  or  Rhomboide ;  now  floors  and  Ceilings 
of  Houfes  are  generally  Squares,  or  Long-fquares ;  alio  Boards, 
Planks  and  flat  Stones,  are  (commonly)  Squares  or  Long-lquares ; 
If  a  Trapezium,  then  Prob.  26.  Iheweth  how  to  meafure  it  j  if  it 
be  an  Ellipfis,  Prob.  27.  hath  a  Rule  for  its  meafuring,  and  fuch 
are  oval  Tables ;  and  if  the  Thing  to.be  meafured  be  a  Parabola, 
then  Prob.  28.  Iheweth  how  to  find  its  Area.  , 

2  Plai/lering ,  Painting,  and  Paving ,  is  meafured  by  the  \  arc! 
Square,  containing  nine  Square  Feet;  and  therefore  after  you 
have  found  the  Content  in  Feet ;  the  Proportion  is  this. 

As  o  ••  1  :  :  Content  in  Feet  ••  the  Content  in  ards. 

3.  Timber  i*  meafured  by  the  Cubic  Foot,  containing  W* 
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Solid  Inches ;  And  when  the  Content  of  any  Solid  Body  is 
known  in  Cubic  Inches,  to  reduce  them  into  Cubic  Feet,  which 
is  the  Timber,  or  Stone  Foot,  the  Proportion  is  this, 

As  1728  ..  1  :  :  Cubic  Inches  ..  Solid  Feet. 

But  meafuring  the  Dimenfions  of  a  Solid,  by  the  aforefaid  De¬ 
cimal  Foot,  theRules  proper  for  it  (in  Se£l.  3.  of  this  Chap.)  as 
a  Sphere,  Prifm,  &c.  Finds  the  Solid  Content  in  Feet. 

That  is,  if  it  be  a  Sphere,  then  Prcb.  29.  hath  a  Rule  to  find 
its  Solid  Content,  fuch  are  Bullets,  and  Granadoes  ufed  in  great 
Guns,  Mortars  or  Bombs. 

If  a  Spheriod,  then  Prob.  30  Iheweth  the  meafuring  of  it,  and 
fuch  are  Things  in  Shape  like  an  Egg,  whofe  Ends  are  equal. 

If  a  Prifm,  then  Prob.  31  direds  its  Meafurement,  and  by 
this  all  ftrait  Pieces  of  Timber  or  Stone,  whofe  Ends  are  alike 

and  equal,  are  meafured.  .  ... 

If  a  Pyramid,  then  Prob .  32  fhews  the  meafuring  it,  and  iuch 
are  Spire  Steeples,  and  all  ftrait  Solids  ending  in  a  Point  at  one 

^  "if  a  Prifmoid,  then  Prob.  33  Iheweth  its  meafuring,  and  fuch 
is  all  Taper  Timber,  whether  Round  or  Square. 

If  a  Pyramided,  then  Prob.  34  Iheweth  the  meafuring  of  it, 
and  fuch'  is  the  Half  of  all  Calks,  if  they  were  continued  from 
the  Bung  by  the  Head,  till  they  end  in  a  Point. 

If  a  Fruftum  of  a  Parabolic  Pyramided,  then  Prob.  35  ferves 
to  meaiure  it,  and  fuch  are  clofe  Calks,  if  cut  in  Halves  through 
the  Bung,  and  parallel  to  each  Head  ;  fo  that  by  this  Problem  is 
tauaht  the  Way  of  finding  the  half  Content  of  a  Calk,  whofe 
Double  is  the  whole  Solid^Content :  But  a  more  particular  Rule 
for  Gauging  a  Calk,  followeth  in  the  next  Problem. 

4  Land  is  meafured  by  the  Rod  or  Pole,  containeth  in  Length 
Feet  16  4,  and  a  Square  Rod  is  Feet  2724,  an  Acre  of  Land 

containing  160  Square  Rbds.  . 

Now  the  readieft  W ay  to  call  up  the  Content  of  Land  in  Acres, 
is  to  take  the  Dimenfions  by  a  four  Pole  Chain,  Decimally  di¬ 
vided  (that  is,  into  JOO  Links)  then  the  Rule  (in  Seel.  3.  of  this 
Chap.)  proper  to  the  Form  of  it,  (whether  a  Triangle,  Square, 
Lon^-fquare,  Rhombus,  Rhomboide,  or  Trapezium,)  finds  the 
Consent  in  Square  Chains,  which  are  turned  to  Acres  thus ; 

As  10  ..  1  :  :  Square  Chains  ..  Content  in  Acres. 


5.  Gauging 


Seel.  Y.  Gauging  Cafes,  Ship's  Hold ,  Sec.  33 


5.  Gauging  is  by  the  Gallon,  and  that  either  Beer,  containing 
282  Cubic  Inches,  or  Wine  231  :  Then  to  reduce  Cubic  Inches 
into  Gallons  of  either  Kind,  the  Rule  is ; 

As  |  ^  *•  1  :  :  Cubic  Inches  ••  Gallons  of  j 

So  that  the  Dimenfions  of  any  Solid  Body  taken  in  Inches, 
the  proper  Rule  for  that  Body,  finds  its  Content  in  Inches, 
and  the  Rule  above  finds  the  Gallons  of  Beer,  or  Wine  it  will 
hold. 

Prob.  XXXVI.  6.  To  Gauge  a  Cajk,  taken  as  the  middle 
Frujlum  of  a  Spheroid. 

The  Rule.  1.  Add  twice  the  Square  of  the  Bung-Diameter, 
and  once  the  Square  of  the  Head,  into  one  Sum.  Then  fay, 

2. 'As  3.82  ••  that  Sum  :  :  Length  ••  Solid  Content  of  the  Cafk 
in  Inches ;  and  then  the  Gallons  of  Beer,  or  Wine,  are  found 
by  the  foregoing  Rule.  Or  thus, 

'  1.  Say,  As  1  ••  0.7  :  :  Difference  of  Head  and  Bung  a 
Fourth  Number. 

2.  That  4th  Number  add  to  the  Head  Diameter,  the  Sum  is  a 
Mean  Diameter  :  Then  fay, 

As^  v  ••  Sq.  Mean  Diam. :  :  Length  **  j  |  Gallons 

Exam.  A  Cafk  whofe  Bung  Diameter  is  23. 


What’s  the  Content  thereof  in  Beer,  or  Wine  Gallons? 


Anfw.  Beer  Gallons  36.99,  or  Wine  Gallons  45.5. 

As  1  ..  0.7  :  :  3.1  ..  2.17,  which  added  to  19.9;  makes  the 
Mean  Diameter  to  be  22.07.  Then, 

Asi  1^5  $  -  SSuare22-°7  ;  :  2M  ■"  I  fs.fwlZ  |  Gallons 
That  is ;  the  Extent  from  the  FirftTerm  to  the  Second,  twice 
turned  over  from  the  Third,  gives  the  Gallons  required. 


Prob.  XXXVII.  7.  To  meafure  a  Ship ,  that  is,  to  find  her 

Tannage. 

The  Rule.  1.  Say,  as  1  ••  Breadth  :  :  Half  Breadth  ..  Fourth 


Number, 


C 


2.  Theta 


Meafuring  of  a  Ship ,  a  Bale ,  See.  Chap.  II 


2.  Then  ;  As  94  ..  4th  Number  :  :  Length  ••  Tuns  required. 
Example.  A  Ship  75  Feet  by  the  Keel,  and  23  Feet  by  the 
Beam  :  What’s  her  Tunnage?  Anfw.  211  Tuns. 

For,  As  1  ..  23  :  5-  u-5  *’  264.5,  t^ie  4^  Number. 

Then,  As  94  ••  264.5  :  :  75  ••  21 1  Tuns  required. 

8.  To  meafure  Bales  or  Cafes ,  or  to  give  the  Tunnage  of  them  ; 
they  are  Prifms,  and  their  Dimenfms  taken  by  the  Decimal 
Foot ,  the  Content  in  Cubic  Feet  is  found  by  Problem  31. 
And  then  fay, 

As  66  ..  1  :  :  Cubic  Feet  ..  Tuns  required. 

Or  thus,  As  66  ..  Area  Bafe  :  :  Length  ••  Tuns  required. 


Example.  A  Bale  whofe  <  Depth  L  is  Feet  j  2.6  >  given. 


What’s  the  Content  in  Tuns  ?  Anfw.  0.943  Parts.  For 
As  x  ..  4.2  :  :  2.6  ..  10.92  Area  of  its  Bafe :  Then, 

As  66  ..  10.92  :  :  5-7  Tuns>  °-943  Parts  required. 

Note,  That  66  Feet  is  the  Content  of  a  Cafe  that  inclofeth 
two  EnAijh  Butts ,  fo  that  this  Rule  includes  the  Bantlings  of  the 
Cafk,  which  is  better  than  \  part ;  therefore  allowing  the  Cant- 
lings  or  Vacancy  to  be  26  Feet,  the  remaining  40  Feet  is  to  be 
counted  for  a  Tun:  And, 

Then  will  the  forefaid  Bale  contain  Tun  1.550  parts,  ror. 
The  Rule  is,  As  40  ••  Area  Bafe  :  :  Length  ..  Tuns  req. 
As  40  ••  Area. Bafe  10.92  :  :  Length  5.7  ..  Tun  1.556  parts. 
So  much  for  Geometry  ;  Trigonometry  is  next  in  order  to  be 


learned. 


Chap.  II.  Containing  the  DeSirine  of  Plane-Triangles. 

TRigonomctry ,  is  that  part  of  Geometry*  which  treats  more  par¬ 
ticularly  about  the  meafuring  of  Triangles,  wherein  having 
three  things  given,  either  all  Sides,  or  Sides  and  Angles,  or  An¬ 
gles  only  m  Spherics  ;  a  4th  (Side  or  Angle  may  be  found  ;  and 
Is  either  Plane  ox  Spheric ;  It’s  the  former  we  begin  with. 


Se£L  I.  Plane  Trigonometry  Rett  angular.  35 

Section  I.  Of  Things  r.eceffary  to  be  underfood,  relating  to  Plane 

Trigonometry. 

I.  \  Triangle ,  is  any  Three-corner’d  Figure ;  it  confifTth  of 

ii  Six  Things,  Three  Sides  and  Three  Angles,  and  is  either 
Plane  or  Spheric. 

2.  A  Plane  Triangle  is  projected  on  a  Plane  or  Flat  Super¬ 
ficies,  and  therefore  its  Sides  are'Right- lines ;  but  the  Sides  of  a 
Spheric  Triangle,  are  Arcs  of  the  Sphere,  of  which,  more  in  the 
Chapter  of  Spheric  Trigonometry. 

3.  An  Angle  is  the  meeting  of  any  two  Lines,  making  a  Cor¬ 
ner;  and  is  either  a  Right-angle,  containing  juft  90  deg.  or 
Oblique  more  than  90  deg.  called  an  Obtufe-angle,  or  lefs  than 
90  deg.  called  an  Acute-angle. 

4.  When  two  Lines  eroding  one  another,  make  the  Angles 
on  every  fide  equal,  then  thofe  Angles  are  Right,  and  the  Lines 
are  Perpendicular. 

5.  A  Degree ,  is  the  360  part  of  the  Periphery  of  any  Circle  ; 

the  4th  Part,  90,  is  called  a  Quadrant,  and  the  half,  180,  is 
a  Semicircle ;  Alfo  a  Degree  containing  60  Min.  and  a  Min. 
60  Seconds,  &c.  as  in  Prob.  IX.  Defin.  1.  of  Geometry,  in 
page  15.  , 

6.  By  Complement  of  any  Number  of  Degrees,  underfland 
what  thofe  Degrees  want  of  90. 

7.  A  Triangle,  is  either  Right-angled,  having  one  Rignt- 
angle  ;  or  Oblique,  having  no  Right- angle. 

8.  In  a  Right- Angle-Triangle,  the  Side  oppofite  to  the  Right- 
Angle,  is  called  the  Hypotenufe,  and  the  two  S  des  containing 
the  Right-Angle,  are  called  Legs. 

9.  In  all  Plane  Triangles ,  the  Sum  of  the  three  Angles  added 
together,  are  equal  to  1 80  Degrees. 

10.  The  Angles  (of  a  Plane  Triangle)  being  only  given,  the 
Proportion  of  the  Sides  can  only  be  determined  ;  therefore, 

11.  In  a  Right-Angie-T n angle,  two  things  given  (one  of 
them  a  Side)  are  fufdcient  to  find  a  Third  :  But, 

12.  In  Oblique-Triangles  three  things,  and  one  of  them  a  S.de, 
mult  be  given  to  find  a  Fourth. 

13.  Three  Letters  flgnify  an  Angle;  as  BAC  flgnify  the  Angle 
A  :  And  two  Lette's  a  Side,  as  AB  flgnify  the  Side  AB,  Sc. 

14.  Given  Things,  whether  Sides  or  Angles,  are  marked  'with 
a  Dajb ,  thus  (/,)  and  required  Things,  with  a  Cypoer,  thus  (°,) 
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1C.  \  d‘  l  after  any  Number  fignifies  j  ^mutes’  }thus 
J  l  m.  j  /r- 

25d.  is  2 5  Degrees,  and  31m.  is  31  Minutes. 


S. 

S.  c. 

T. 

T.  c. 
Sec. 
Sec.  c. 
Co.  Ar 


f  Sire. 

Sine  Complement,  or  Co-Sine, 
tangent. 

Tangent-Complement,  or  Co-Tan. 

>  ftands  for  <  Secant.  ^  c 

Secant-Complement,  or  Co-Secant. 
Complement  Arithmetic. 
p  is  to,  or  to  the 

.  .  pfo  as ;  As  thus,  2  ••  4  : :  3  ••  6. 

That  is,  As  2  is  to  4,  fo  is  3  to6. 

16.  There  are  feven  Cafes  in  Right- Angle-Triangles,  and  Six 
in  Oblique.  Their  Solutions  follow  i  but  firft  of  Right-Angle- 
Triangles. 

Sctfion  II.  The  firfi  Axiom ,  and  the  feven  Cafes  of  Plane  Right- 
Angle-Triangles  depending  thereon. 


Axiom  1. 


if  one  of  the 
two  will  be  either 


IN  all  Plane  Right-Angle-Triangles, 

Sides  be  made  Radius,  the  other  tw 

Sines,  Tangents,  or  Secants  ;  That  is,  . 

1.  If  the  Hypotenufe  be  Radius,  each  Leg  is  the  Sine  of  its  op- 
pofite  Angle,  See  Plate  2.  Fig.  « .  marked  for  the  firfl iW 
2.  If  one  Leg  be  Radius,  the  Hypotenufe  is  a  Secant  and  the 
other  Leg  is  a  Tangent  of  the  Angle  oppofite  to  this  Leg,  See 

Plate?  Fi<r  2.  titled  for  the  firft  Axiom.  . 

AW  1  To  find  a  Side,  any  Side  may  be  Radius,  faying  thus; 
As  the  Word  on  the  Side  given,  is  to  the  Side  given  , 

So  is  the  Word  on  the  Side  required,  to  the  Side  required 
.  Note  2.  To  find  an  Angle,  one  of  the  given  Sides  mult  be 

Radius :  Then  fay, 

As  one  given  Side,  is  to  the  Word  on  1  , 

So  is  the  other  given  Side,  to  the  Word  on  it. 

Obferve  to  begin  withthe  Side  made  Radius. 

And  what  Proportion  the  Side  made  Radius,  hath  toRad.ut  j 
the  toe  hath  the  other  S.des,  to  the  Sines,  1  angents,  or  Secants 

by  them  rcprefetited  ;  and  the  contrary  .  n  •>  frame 

Thefe  two  Notes  (to  the  diligent  Reader)  are  Sufficient  to  m 
any  Proportion  by  the  firft  Axiom,  making  any  Side  of  a  Right 

Angle-Triangle  tbs- Radius.  Prob.  I, 


Se£c.  II.  Plane  Trigonometry  Rectangular.  37 


Problem  I.  Cafe  I.  The  Angles ,  and  Hypotenufe  given ;  to 
find  eithir  of  the  Legs. 


Exam.  In  the  Right-Angle-Triangle  ABC,  Plate  2.  Fig.  1. 

The  {  AngleBAC  54I.  30m'.  1  Siven :  LeS  1  BC  ^  recluire<'- 
This  Triangle  is  made  by  Prob.  io.  of  Geometry ,  in  Page  17. 

If  you  make  the  Hypotenufe  AC  Radius,  the  Proportion  (by 
Axiom  1.  and  Note  1.)  is  thus. 

As  Radius,  is  to  the  Hypotenufe  AC ;  fo  is  the  Sine  of  the 
AngleBAC,  to  the  Leg.  BC.  Or  thus  briefly; 

Radius  ••  Hypot  AC  :  :  S.  BAC.  ••  Leg  BC. 

S.  god. - 121  Leag.  54d.  30m. 


9.910686 
2.082785 
• - Leag, 

/i -9934-7 1\9^-5l  PZTts- 

To  work  Proportions  by  Logarithms,  obferve  this 
General  Rule  :  Add  the  Logarithm  of  the  Second  and  Third 
Terms  together  ;  and  from  that  Sum  fubtraft  the  Logarithm  of 
the  fit  ft  Term,  the  Remainder  is  the  Logarithm  of  the  fourth 
Term,  or  Number  fought. 

As  in  the  foregoing  Proportion,  the  Sum  of  the  Logarithms  of 
the  fecond  and  third  Terms  added  together  is  ir. 993471,  from 
which  it  is  eafy  to  fubtract  the  Logarithm  of  the  fuff  Term  (being 
Radius)  by  cancelling  (cutting  off,  or  leaving  out)  the  firft  Figure 
to  the  Left-hand,  and  then  it  is  /i. 993471,  which  brings  forth 
98.51 ;  that  is,  Leagues  98.51  Parts  of  100  for  the  Leg  BC,  the 
fourth  Term,  or  Side  required. 


By  Gunter’s  Scale,  thus, 

Radius  ..AC  ::S.  BAC  ..  BC.  That  is, 

S.  god.  ••  121  Leag.  :  :  S.  54d.  30m.  ..  Leag.  98.5  Tenths. 

That-  is  to  fay,  the  Extent  from  Sine  god.  (on  the  Line  of 
Sines)  to  121  Leagues  (on  the  Line  of  Numbers)  will  reach  from 
Sine  54d.  30m.  (on  the  fame  Sines)  to  Leagues  98.5  Tenths, 
(on  the  Line  of  Numbers)  for  the  Leg  BC,  nearly  as  above. 

Obferve  the  like  in  all  that  follows,  except  in  thofe  Propor¬ 
tions  wherein  is  the  Word  Secant,  which  is  wrought  only  by  the 
Logarithms. 

The  three  feveral  Proportions,  making  each  Side  Radius,  to 
find  the  Leg  BC,  are  thefe  which  follow. 

C  3  _  .  Radius 
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Radius  ••  S.  BAG  1 

Sec.  B  AC  ••  T.  BAC  >  :  :  Hypotenufe  AC  ••  Leg  BC. 

Sec.  ACB  ••  Radius  3 

Likewile  to  find  the  Leg  AB,  they  are  thefe  following. 

Radius  ••  S.  ACB  1 

Sec.  BAC  ••  Radius  >  :  :  Hypotenufe  AC  <•  Leg  AB. 

Sec.  ACB- -T.  ACB.  3 

Note ;  When  Radius  is  not  the  firftTerm  in  the  Proportion, 
then  take  the  Complement-Arithmetic  of  the  Logarithm  of  the 
firftTerm;  (which  howto  find,  is  fhew’d  in  Chap.  I.  Sed.  2. 
Propoiition  9.  of  the  Uie  of  the  T.  able  of  Sines,  T.  angents  and 
Secants,  in  Page  3O0.)  This  Comp.  Arith.  or  Co.  Ar.  add  to 
the  Logar.  of  the  Second  and  Third  1  erms,  and  from  the  Cha- 
radterefi.c  of  their  Sum  fubtrad  roor  20,  the  remaining  Figures 
is  the  Logarithm  of  the  Fourth  Term  fought;  as  may  be  feen  in 
the  following  Proportion  in  Problem  II* 


Prob.  II.  Cafe  2  and  3.  Fhe  Angles  and  one  Leg  given ;  to  find  the 
hypotenufe,  and  the  other  Leg. 


Example  In  the  Rght-Angle-  Triangle  ABC.  Plate  2.  Fig,  2. 
■  '  ’  '  c  Hyp.  AC  ' 

i  Leg  AB 


The 


u  to  - e? 

t  Angle  ACB  33d.  30m.  1 
1  Leg  BC  98  Leagues  ) 


given: 


:req. 


This  T riangle  is  made  by  Prob.  1 2.  of  Geometry,  P .  1 7  &  1 8. 
1.  To  find  the  Hypoienule  AC,  make  it  Radius,  and  the  Pro¬ 
portion  (by  Axiom  1.  and  Note  1.)  is  thus. 

As  the  Sine  of  the  Angle  BAC,  is  to  the  Leg  BC;  fo  is 
Radius,  to  the  Hypotenufe  AC.  Or  thus, 

S.  BAC  ••  Leg  BC  :  :  Radius  ••  Hypotenufe  AC. 

54d.  30m.  98  Leg. - 

10.000000 
1.991226 
Co.  Ar.  0.089314 


/Leag. 
42.080540V! 20  u 


By  Gunter’s  Scale,  thus ; 

S.  B  A  C  ••  Leg  BC  :  :  Radius  **  Hypotenufe  AC.  That  is, 
S,  54°30/--  98  L.  :  :  S.  god  ••  Leagues  120.4  Tenths, 
That  is,  the  Extent  from  Sine  of  54d.  30m.  (on  the  Line  of 
Sines)  to  98  Leagues,  (on  the  Line  of  Numbers)  will  reach  from 
£ine  god.  to  Leag.  120.4  Tenths,  the  Hypotenufe  required, 

Tjj 


■■I 
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The  thuee  feveral  Proportions,  making  each  fide  Radius,  to 
find  the  Hypotenufe,  are  thefe  following. 

S.  BAC  ••  Radius  1 

T.  BAC  ..  Sec.  BAC  >  :  :  Leg  BC  ••  Hypotenufe  AC. 

Radius  ..  Sec.  ACB  3 

And  to  find  the  Leg  AB,  they  are  thefe ; 

S.  BAC  ••  S.  ACB  7 

T.  BAC  ••  Radius  5-  :  :  Leg  BC  ••  Leg  AB. 

Radius  ••  T.  ACB  J 

Note’,  In  working  by  Gunter,  when  a  Tangent  is  mentioned, 
the  Radius  then  is  the  Tangent  of  43d.  as  in  the  two  lafi  Pro¬ 
portions,  it  is. 

As  T.  BAC  ••  Radius  :  :  Leg  BC  ••  Leg  AB.  Which  is, 

T.  54d.  30m.  ••  T.45d.:  :  98  Leag.  ••  Leag.  69.9  Tenths, 

That  is,  the  Extent  from  54d.  30m.  to  43d.  (on  the  Line  of 
Tangents )  will  reach  from  98  Leagues,  to  Leagues  69.9  1  enths 
on  the  Line  of  Numbers,  for  the  Leg  AB. 

As  Rad.  ••  T.  ACB  ::  Leg  BC  ••  Leg  AB.  Which  is, 

T.  45d.  ••  T.  330 30'  :  :  98  Leag.  ••  Leag.  69.9  Tenths. 

That  is,  the  Extent  from  T.  43d.  to  T.  33d.  30m.  will  reach 
from  98  Leagues,  to  Leagues  69.9  Tenths,  as  before. 


Prob.  III.  Cafe  4  and  5.  The  Hypotenufe  and  one  Leg  given ,  to 
fuel  the  Angles  and  the  other  Leg. 

Example.  In  the  Right  Angle-Triangle  ABC,  Plate  2.  Fig.  3. 
CHvd  AC  121  ?  r  •  (  ACB  or  BAC  ) 

The{  Lr=g  AB  69  \  LtagUeS  S'Kn  i  and  Leg  BC  H 
This  Triangle  is  made  by  Prob.  1 1.  of  Geometry,  Page  17. 

I.  To  find  the  Angles. 

If  you  make  the  Hypotenufe  AC  Radius,  the  Proportion  (by 
Axiom  1.  and  Note  2.)  is  thus; 

As  the  Hypotenufe  AC,  is  to  Radius  $  fo  is  the  Leg  AB,  to 
the  Sine  of  the  Angle  ACB.  Or  thus, 

Hypot.  AC  ••  Rad  : :  Leg  AB  ••  S.  ACB. 

121  Leag.  ••  god.  :  :  69  Leag.  ••  S.  34d.  46m.  Which 
fubtraft  from - - - 9°(i-  00m. 


Remainder  is  Angle  BAC 


55d.  14m.  by  the.  gth 


of  Seftion  x.  of  this  Chapter  in  Page  35. 

And  if  the  Leg  AB  is  Radius,  then  the  Proportion  (by  Axiom  r. 
and  Note  2.)  is  thus. 

C  4  As 
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As  the  Leg  AB,  is  to  Radius  ;  fo  is  the  Hypotenufe  AC,  to 
the  Secant  of  the  Angle  BAC.  Or  thus, 

AB  69  Leag.  ••  Radius  :  ;  AC  121  Leag.  ••  Sec.  BAC  55a.  14m. 
Note-,  This  Proportion  is  not  wrought  on  the  Gunter  becaufe 
of  the  Word  Secant  in  the  4th  Term;  but  being  wrought  by  the 
Tables  (as  before  direfted)  will  produce  the  Angle  BAC  55d- 
14m.  as  above;  which  fubtra&ed  from  9od.  gives  34d.  46m.  for 

the  Angle  AC^,  as  before.  _  .  .  . 

2.  The  Leg  BC  may  be  found  by  the  1  ft  or  2d  Cafe  feveral 

Ways :  As  thus, 

'  J  ^  S.  BAC'l 

S.  BAC  1 

T.  BAC 


Radius 

S.  ACB 
Sec.  BAC 
Radius 
Sec.  ACB 

T.  ACB i 


AC  : 
AB  : 
AC  : 
AB 
AC  : 
AB  : 


T.  BAC 
Radius 
Radius  J 


)>  ••  BC  Leagues  99.4  Tenths, 


Prob.  IV.  Cafe  6  and  7.  The  Legs  given ;  to  find  the  Angles , 

and  Hypotenufe. 


Examp.  In  the  Right-angle  Triangle  ABC.  Plate  2.  Fig.  4. 

AB  98  /  r  •  .  \  AnS,c  BAC  or  ACB  1  reo 

$  Leag.  given.  j  an(j  Hypotenufe  AC  j 


The  Leg  | 


BC  69 


(by 


This  Triangle  is  made  by  Prob.  13.  of  Geometry. 

1.  Make  the  Leg  AB  Radius,  and  the  Proportion 
Axiom  1.  and  Note  2.)  is  thus. 

As  the  Leg  AB,  is  to  Radius ;  fo  is  the  Leg  BC?  to  the  Tan¬ 
gent  of  the  Angle  BAC.  Or  thus, 

Leg  AB  ••  Leg  BC  :  :  Radius  T.  BAC. 

98  Leag.  ••  69  Leag.  :  :  T.45d.  ••  T.  35d.  09m.  which 
Subtract  from  - - 9od-  00m- 


The  Remainder  is - 54d.  51m.  the  Angle 

ACB,  by  the  9th  of  Section  I.  of  this  Chapter ,  in  Page  35. 

And  if  the  Leg  BC  be  made  Radius,  the  Proportion  is  thus ; 
Leg  BC  ••  Leg  AB  :  :  Radius  ••  T.  ACB. 

69*Leag.  ••  98  Leag.  :  :  T.  43d.  ••  T.  54d.  51m.  as  before. 
Which' being  fubtra&ed  from  90,  leaveth  35L  091JI.  for  the 
Angle  BAC.  Either  of  thefe  Proportions  is  fufficient  to  find  both 
Angles. 

2.  The  Hypotenufe  AC  may  be  found  (by  the  2d  Cafe)  feveral 


ways. 


Firft| 
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Firft,  Making  the  Hypotenufe  AC  Radius ;  thus, 
o'  Arns  "40  [  :  Radius  ••  Hypotenufe  AC. 

Secondly,  making  the  Leg  AB  Radius,  thus, 

TB AC  *  EC  }  :  Sec*  BAC  ”  Hypotenufe  AC. 

Thirdly,  making  the  Leg  BC  Radius;  thus, 

Radius  ..  BC  7  .  .  gee.  A CB  ••  Hypotenufe  AC. 

TT .  AC.3  *  *  AI3  5  1  v  l  mi  c  4 

Thefe  fix  Proportions,  if  the  Learner  works  them,  he  li  find 
them  all  to  Produce  Leagues  119.8  for  the  Hypotenufe  AC. 

Note  :  The  5th  and  7th  Cafes  may  be  perform’d  by  the  47th 
Propofition  of  the  Firjl  Book  of  Euclid’s  Elements ,  which  proves 
the  Square  of  the  Hypotenufe,  is  equal  to  the  Sum  of  the  Squares 
of  the  two  Legs ;  1  herefore, 

1.  By  common  Arithmetic,  Exiting  the  Square  Root;  the 

Fir  ft.  In  the  5  th  Cafe  to  find  a  Leg ;  when  the  Hypotenufe, 

and  one  Leg  is  given;  Thus, 

The  Square  Root  of  the  Difference  of  the  Squares  of  the 

notenufe  and  one  Leg,  is  the  other  Leg.  .  . 

1  Secondly,  In  the  7th  Cafe  to  find  the  Hypotenufe,  when  bodi 

the  Less  are  given  ;  thus,  T 

The^Square  Root  of  the  Sum  of  the  Squares  of  both  Legs,  is 

the  Hypotenufe. 

2  By  Logarithms  in  thefe  two  Rules  following. 

Firjl  Rule,  When  the  Hypotenule,  and  one  Leg  is  given,  to 

find  the  other  Leg,  thus,  _  ,  T-Vn~ 

Half  the  Sum  of  the  Logarithms  of  the  Sum,  and  Difference 

of  the  Hypotenufe,  and  given  Leg ;  is  the  Logarithm  of  the  Leg 

tCqSaond  Rule.  When  both  Legs  are  given,  to  find  the  Hypo- 

tCnFroin  thVdoible  Logarithm  of  the  greater  Leg,  Lb  tract  the 
Logarithm  of  the  leffer  Leg;  the  abfolute  Number  anfwenng  to 
it  add  to  the  leffer  Leg;  half  the  Sum  of  the  Logarithms  of 
that  Sum,  and  leffer  Leg,  is  the  Logarithm  of  the  hypotenufe 

tcquired*  Examp. 
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Example  I.  The  Hypotenufe  AC  12 1  Leagues,  and  the  Leg 
AB  69  Leagues  :  What  is  the  Leg  BC  by  the  Square  Root? 

Hypotenufe  AC ■  ■ 


-i  21  And  Leg  AB- 
1 2 1 


-69 

69 


Square  of  AC  is 
Square  of  AB  is 


121 

242 

121 

■  14641 
4761 


621 

414 

Square  of  AB  is  4761 


Diff.  of  the  Squares  is 


9880(99.39  is  the  Leg  BC. 
•  • 

81 


189)1780 

1701 


1983)7900 

5949 

19869)195100 

178821 


Remainder  is 


16279 


So  that  the  Leg  BC  is  Leagues  99.39  Parts  of  100. 
By  Logarithms ,  thus. 

The  Hypotenufe  AC - 12 1  Leagues. 

The  given  Leg  AB  69  Leagues. 


Sum  of  AC  and  AB 


190  its  Logarithm  is  2.278754 


Difference  of  AC  and  AB -  52  its  Logarithm  is  1.716003 

The  Sum  of  the  Logarithm  is 


The  half  Sum  of  thefe  Logarithms 


-  3-994757 

4  w  tl„.  . . . 0  - : - I-997378 

Whofe  abfolute  Number  is  99.39;  that  is.  Leagues  99.39 

Parts  of  100  is  the  Leg  BC,  as  before. 

Example  2.  The  Leg  AB  is  98  Miles,  and  the  Leg  BC  69 

Miles  given  :  What  is  the  Hypotenufe  AC  ?  by  the  Square  Root. 

°  ihe 
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The  Leg  AB - -  98  And  Leg  BC -  69 

98  69 

784  621 

882  ;  4H 

Square  of  AB  is - -  96o4  Square  of  BC  - 4761 

Square  of  BC  is - —  47^* 


Sum  of  the  Squares  is  - -  f43^5( 1 1 9-8  that  is  1 19  Leagues  T| 

*1  is  the  Hypotenufe  AC. 

"21)043" 

21 

229)2265 

206l 

2388)2040© 

19IO4 

Remainder  is - —  ■  - 1296 


By  Logarithms ,  thus. 

The  greater  Leg  AB  98,  its  Logarithm  is  -  ■’ . —  1 -99 *226 

'Multiply  its  Logarithm  by  - - - - - - 2 

The  double  Logarithm  of  the  Leg  AB  is  - - 3.982452 

The  lefler  Leg  BC  69  Miles,  its  Logarithm  is  - -  1.838849 

Abfolute  Number  139.2  anfwering  the  Logerithm  is  2.143603 
Sum  is -  208.2  its  Logarithm  is - 2.318481 


The  lefler  Leg  BC  69  Miles,  its  Logarithm  is - 1.838849 

The  Sum  of  the  two  laft  Logarithms  is -  4-1 57  330 

The  half  is  the  Logarithm  of  AC  119  T|  required  2.078665 

Se&ion  III.  Three  other  Axioms ,  with  the  fix  Cafies  of  Oblique 
Plane  Triangles  thereunto  belonging . 

Axiom  2.  TN  all  Plain  Triangles,  the  Sides  are  in  fuch  Propor- 
X  tion  one  to  another,  as  are  the  Sines  of  their  op- 
pofite  Angles,  That  is, 

1.  As  the  Sine  of  any  one  Angle,  is  to  its  oppofite  Side;  fo  is 
the  Sine  of  any  other  Angle,  to  its  oppofite  Side. 

2.  As  a  Side,  is  to  the  Sine  of  its  oppofite  Angle :  fo  is  any 
other  Side  to  the  Sine  of  its  oppofite  Angle. 

.  Note ;  To  find  aSide,  begin  with  an  Angle;  but  to  find  an 
Angle,  begin  with  a  Side. 


From 
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From  that  Axiom  are  drawn  the  Proportions  for  the  tirfb 
Second,  and  Third  Cales  following. 

Prob.  v.  Cafe  I.  Of  Olliquangles.  Two  Angles ,  and  one  Side 
given ;  to  find  either  of  the  other  Sides. 

Fig.  5. 


The 


1 


req. 


Example.  In  the  Oblique  Triangle  BDC.  Plait s  2. 
r  t  BDC  ioid.  25m.)  CCD 

Angle  I  (gKD  44-d.  42m.  >  given  :  Side  'S  and 

t  Side - BC  76  Yards.  3  C  BD 

This  Triangle  is  made  by  Prob.  14.  of  Geometry ,  in  rages 

1^i.  The  Proportion  according  to  the  Second  Axiom  for  finding 

^As  the  Sine  of  the  Angle  BDC,  is  to  the  Side  BC  ;  fo  is  the 
Sine  of  the  Angle  CBD,  to  the  required  Side  CD.  Or  thus, 

S  BDC  . •  Side  BC  :  :  S.  CBD  ..  Side  CD  requ.red. 

S.iord'.  25m. -76  Yards:  :  S.  44d  4*™-  ••  Yds.  54.53  huild- 
i8od.  00m. 


*  Note ;  The  Sine  of  ioid.  25m.  is  found  by -  fubtrafting «  from 
r  god.  {according  to  Chapter  1.  Stilton  2.  Propofition  8.  Of  the 
Vies  of  the  Tables  of  Sines,  Tangents ,  &c.  in  Page  300. 

J  2  To  find  the  Side  BD,  the  Proportion  is,  ' 

S.BDC...  Side  BC  :  :  S.  BCD.  ..SideBD. 

S.  ioid.  25m.  -  76  Yards:  :  S.  33d  53m- "  Yds-  43^3  hund- 
x8od.  00m. 


S.  7 8d.  35m. 

Problem  VI.  Cafe  2  and  3.  Of  Obliquangles. 

Two  Sides ,  and  an  Angle  oppofite t  to  one  of  them  given  ■  to  find  the 
other  oppofite  Angle ,  and  the  third  Side • 

Note ;  The  given  Angle  Obtufe,  the  Angle  fought  is  Acute. 
But  when  the  given  Angle  is  Acute,  and  oppofite  to  the  lefier 
given  Side  then  the  required  Angle  is  doubtful,  whether  Acute  or 
Obtufe,  and  ought  to  be  determined  before  °Perat'on' 

Examp.  In  the  Oblique  Triangle  BCD,  Plate  2.  Fig.  6. 


i 
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5  BC  106  )  1  f  Angle  BDC  Obtufe,  1 

biae  65  £  Yards  >  given  :  -j  and  the  (■  req. 

Angle  BCD  3  rd.  49m.  J  L  Side  CD  J 

This  Triangle  is  made  by  Pro’o.  15.  of  Geometry,  in  Page  19. 

1.  For  the  Angle  BDC  the  Proportion  is. 

As  the  Side  BD,  is  to  the  Sine  of  the  Angle  BCD ;  fo  is  the 
Side  BC,  to  the  Sine  of  the  Angle  BDC  required.  Or.  thus, 
Side  BD  ..  S.  BCD  :  :  Side  BC  ..  S.  BDC. 

65  Yards  ••  S.3id.  49m,  :  :  106  Yards  ••  S.  59d.  17m.  which 

Subtradb  from  - - - i8od,  00m. 

Remainder  is  the  Angle  BDC - i20d.  43m. 

Note-,  The  Proportion  produceth  5gd.  17m.  for  the  required 
Angle:  But  being  Obtufe,  you  muft  take  it’s  Supplement  to 
l8od.  viz.  I20d.  43m.  as  above  is  done. 

2.  Find  the  third  Angle  by  the  9th  of  Sedfion  I.  of  this  Chapter, 
in  Page  35.  then  you  may  find  the  Side  CD  by  the  firft  Cafe. 

This  Cafe  hath  been  omitted  by  molt,  the  Reafon  (I  fuppofe)- 
is  the  doubtfulnefs  of  the  required  Angle ;  but  if  determined 
(before)  to  be  either  Acute  or  Obtufe,  the  third  Side  is  limited, 
and  then  may  be  a  Cafe  as  well  as  any  other  j  and  the  Propor¬ 
tions  may  be, 

S.  BCD  ..  Side  BD  :  :  S.  CBD  ..  Side  CD. 

S.  3 1  d  49m.  ••  65  Yards  :  :  S.  2yd.  28m.  ••  Yds.  56.88.  Or, 

S.  BDC  ..  Side  BC  :  :  S.  CBD.  ••  Side  CD. 

S.  i2od.  43m.  ’•  106  Yds.  :  :  S.  27d.  28m.  ••  Yds.56.88TentIis, 

as  before. 

Axiom  3.  TN  all  Plain  Triangles  ;  as  the  Sum  of  two  Sides,  is  to 
A  their  Difference  ;  fo  is  the  Tangent  of  the  Half-Sum 
of  their  two  oppofite  Angles,  to  the  T angent  of  the  Half-Diffe¬ 
rence  of  thefaid  two  oppofite  and  unknown  Angles.  Then, 

Add  the  half  Difference  of  the  Angles  to  their  half  Sum,  finds 
the  greater  Angle  ;  and  fubtradt  the  half  Difference  from  the  half 
Sum,  finds  the  leffer  Angle. 

Prob.  VII/  Cafe  4  and  5.  Two  Sides  and.  their  contained  Angle 
given ;  to  jind  either  of  the  other  Angles ,  and  the  third  Side . 


Side 


Examp.  In  the  Oblique  Triangle  BCD. 
BC  109 


Plate 


2. 


Fig. 


[  \  BD  '76  £  Lsa-  (  given  :  j  AnSle  |  BCD  and  l  req. 

AngleCBD  toid.  30m.  J  C  Side  CD  J 

This  Triangle  is  made  by  Prob.  16.  of  Geometry,  in  Page  !9- 

1.  For 


V 


I 


Plane  Trigonometry  Oblique. 


Chap.  II. 


i. 


For  the  Angle  BDC,  and  BCD,  the  Operation  is. 


Side 


i8od. 

lord. 


OOm. 

3°m. 


The  three  Angles 
Subtradt  the  given  Angle  CBD 

The  two  oppofite  Angles]  ^  ^ 


req. 


BC  109 
.  BD  76 
^um  ot  Sides  185 
Their  Diff.  33  ( 

Then,  As  the  8um  of  the  Sides  BC  and  BD,  is  to  their  Diffe¬ 
rence;  fo  is  the  Tangent  of  half  the  Sum  of  the  Angles  BDC 
and  BCD,  to  the  Tangent  of  half  their  Difference.  Or  thus. 

Sum  BC&BD  ..  Diff.  BC&BD  :  :  T.  ^Sum  Angles  ••  T.jDifF. 
185  Leagues  ..  33  Leagues  :  :  T.  39d.  15m.  ••  T.  8d.  1 7m. 

The  half  Diff.  of  the  Angles - -  o8d.  17m. 

Added,  is  the  greater  Angle  . .  47d.  32m.  BDC  ) 

Subtradted,  is  the  leffer  Angle  . —  3od.  58m.  BCD  S 

The  Proportion  for  the  Side  CD,  (by  the  firft  Cafe  of 
Oblique  Triangles)  may  be  this: 

S.  BCD  Side  BD  ::  S.  CBD  ••  Side  CD. 

S.  3od.  58m.  ••  76  Leag.  :  :  S.  ioid.  3om.,,Leag.  144.7  tenths. 

Axiom.  4..  TT'Rom  the  half  Sum  of  the  three  Sides,  fubtradl  each 
Side  (but  firft  that  Side  oppofite  to  the  Angle  re¬ 
quired,  then  the  reft)  feverally,  noting  the  Remainders.  Then, 
As  the  Produdt  of  the  half  Sum  of  the  Sides,  and  firft  Remain¬ 
der,  is  to  the  Produdt  of  the  other  two  Remainders ;  fo  is  the 
Square  of  Radius,  to  the  Square  of  the  Tangent  of  half  the  Angle 
oppofite  to  that  firft  Remainder. 

Prob*  VIII.  Cafe  6.  Three  Sides  given ,  to  find  an  Angle.  - 


Example.  In  the  Triangle  BCD.  Plate  2.  Fig.  8. 

f  BC  1057  C  BDC  7 

The  Side  s  BD  85  >  Feet  given  :  Angle  s  BCD  >  req. 

CCD  50  3  lCBD  j 

This  Triangle  is  made  by  Prob.  17.  of  Geometry ,  in  P.  19  and  20. 
The  Operation  for  the  Angle  CBD.  Feet. 


f  BC 

4bd- 

i  CD- 


•105 

■  85 
•  50 


Sum  or  Sides  —  240 


\  their  Sum 
From  i  Sum  7 
Sub.  each  fide  > 
there  remains  j 


120 

~7° 

35 

*5 


The  half  Sum - 120.  co.  ar.  7.920819 

The  firft  Remainder  70.  co.  ar.  8.154902 

The  other  ^Remain,  j  35^j0ga--  i-544°68 
l  15  Logar.  1.170091 

Sum  T8. 795880 

•  iSum  9.397940 


Tangent  — 148.  02m. 
Double  —  i4d.  02m. 


Produceth  28d.  04m.  the  Angle  CBD, 


This 


mmm 
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This  Axiom  finds  an  Angle  at  one  Operation,  yet  not  being 
applicable  to  the  inftrumental  way  of  working  Proportions,  you 
have  this  fourth  Axiom  in  other  Terms;  which  finds  an  Angle  at 
two  Proportions,  and  may  be  wrought  both  Inftrumentally  and 
Logarifhmetically. 

Axiom  4.  Ufeful,  when  three  Sides  of  a  Triangle  are  given  ; 
to  find  an  Angle. 

As  the  longeft  Side,  is  to  the  Sum  of  the  two  fhorteft ;  fo  is  the 
Difference  of  the  two  fhorteft,  to  the  Difference  of  the  Segments 
of  the  Bafe  or  longeft  Side. 

Note ;  Let  fall  a  Perpendicular  (from  the  Angle  oppofite)  to 
the  longejl  Side,  which  divideth  it  into  two  Segments ;  and  the 
Oblique  Triangle  into  two  Right- Angled-Triangles. 

As  in  the  aforefaid  Triangle  BCD.  Plate  2.  Fig.  8. 

Let  fall  the  Perpendicular  DA,  which  makes  the  Segments  of  the 
Bafe  to  be  BA  and  AC,  and  the  two  Right- Angled-Triangles  BAD 
and  CAD,  and  the  Difference  of  the  Segments  BE. 

1.  To  find  BE  the  Difference  of  the  Segments  of  the  Bafe. 

Shorteft  Sides - j  CD  ■ -  50  Feet 

Added,  is  the  Sum  of  the  two  fhorteft  Sides-  - - -  135  Feet 

Subtracted,  is  their  Difference  . - - - 35  Feet 

Then,  as  the  Side  BC,  is  to  the  Sum  of  BD  and  CD;  fo  is 
the  Difference  of  BD  and  CD,  to  BE  the  Difference  of  the  Seg¬ 
ments  BA  and  AC.  Or  thus. 

Side  BC  ••  Sum  BD  &  CD  :  :  D iff, ED  k  CD  ••  BE  the  Dff. of  Seg, 
105  Ft.  ••  135  Feet  :  :  35  Fee*  ••  45  Feet. 

The  Side  BC  105  Feet. 

Diff.  Segments  BE  45  Feet 

Added,  is -  1507  is  '  5  75  BA  the  greater?  Seg- 

Subtradedis - 60  J  *  l  3°  AC  the  leflcr  f  ment 

2.  The  Angles  BCD  or  CBD,  may  be  found  by  the  4th  Cafe 
of  Right- Angled-Triangles,  in  Page  39.  Thus. 

Hypot.  BD  ••  Radius  :  :  Leg  AB  ••  S.  ADB. 

85  Feet  ••  S.  9od.  :  :  75  Feef'S.  6id.  56m. 

Which  fubtraffed  from  - - - -  9od.  00m. 

Remainder  is  the  Angle  CBD  - -  2»d.  04m.  as  before. 

.  Thus  much  for  Plane  Triangles',  and  to  compleat  Trigono¬ 
metry,  Spheric  fliould  be  next.  But  I  think  the  Application 
this  before  the  Dofirine  of  that,  moft  conducive  to 

the 
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the  Learners  Advantage :  Therefore  will  defcend  to  the  neceflary 
Ufes  of  Plane  Trigonometry  in  Plane  and  Mercator  s  bailing, 
which  will  make  way  for  Spheric  Trigonometry. 


CHAP.  III.  Plane  Trigonometry  applied  in  Prob- 
"  lems  of  Sailing  by  the  Plane  Sea-Chart,  commonly  called 
Plane-Sailing. 

AM  D  that  nothing  may  be  wanting  for  the  Accomphfhment 
of  Navigation,  we  will  begin  now  with  the  Gregorian  Calen¬ 
dar,  and  then  the  Ufe  of  the  Plane-Chart,  before  we  apply  Plane  j 
Trigonometry  to  Plane-Sailing.  e 

Sefiicn  I.  The  common  Notes  of  the  Gregorian  Calendar,  of 
New  Stile,  to  find  the  Prime,  Epaft,  Dominical  Letter,  Latter 
Day,  the  Moon’s  Age,  Southing,  and  time  of  High-water. 

Pioblem  I.  To  find  the  Golden  Number,  Cycle  of  the  Sun ,  and 

Roman  Indiftion. 

Definitions ,  i.THE  Golden  Number  or  Prime,  is  a  Circular 
1  Revolution  of  1*9  Years;  in  which  Space  of 
time  (it  has  been  fuppofed)  the  Sun  and  Moon  finifh  all  their 
Variety  of  Afpecfs ;  by  this  we  find  the  EpaiSt,  and  confiquently 
whatever  thereon  depends. 

2  The  Cycle,  or  Circle  of  the  Sun,  maketh  its  Revolution  in 
28  Years;  in  which  Time  all  the  Variety  of  Dominical  Letters, 
and  Leap-Years  expire,  and  the  29th  Year  the  Circle  bagins 
*?fTain  ;  which  Number  affifts  in  finding  the  Dominical  Letter  for 
any  Year,  paft,  prefe'pt,  or  to  come. 

3.  Roman  Indittion  confifteth  of  15  Years;  for  oqce  in  15 
Years  the  fubdu’d  Nations  were  to  Pay  Tribute  to  the  Romans ; 
a  thing  now  out  of  Ufe  with  us. 

The  Rule  cut  of  Mr .  Street’s  Memorial  Verfes  on  the  Ecclefiaflic 

and  Civil  Calendar. 

When  1,  9,  3,  to  the  Year  hath  added  been; 

Divide  by  19,  28,  15. 

Example.  I  would  know  the  Golden  Number,  Cycle  of  the 
Sun,  and  Roman  Induction  for  the  Year  1757.  The 
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The 


1757- 

—  i 

’1758 


Operation. 

—  1 7 57  “ 

- 9  - 


J  757 
—  3 


48 


-(92  28)- 


176b 


86 


•(63-  15)- 


1760 


26 


(“7 


(10) 


(2) 


1 10 


Year  1757 


1  is  i 


(5) 


10 

2 

5 


n 


Golden  Number 
Cycle  of  the  Sun 
C  Roman  Indidtion 

II.  To  find  tbe  Epafi  until  the  Tear  1799  inclujive. 
ion.  The  Epact  is  11  Days  the  Year  of  the  Moon 
the  Sun’s  Year  :  the  Lunar  being  354  Days,  and  the 
r>  365  Days. 

.  The  Epadl  never  exceedeth  29,  alters  every  Year  ir, 
d  to  find  the  Moon’s  Age,  and  Eafier-Day. 

.  When  the  Golden  Number  is  1,  the  Epadt  is  0, 

;  when  2,  then  ir,  &c. 

The  RULE  is , 
d  the  Golden  Number,  by  Prob.  1. 
tradl  1  from  the  Golden  Number,  what  refts  divide  by 
;te  the  Remainder. 

Itiply  the  Remainder  by  10,  and  note  the  Produdh 

that  Produdt  add  the  Golden  Number  lefs  1  ;  the  Sum 

reds  not  30)  is  the  Epadt  j  but  if  it  doth,  fubtradt  30 

,  and  the  Remainder  is  the  EpadL 

re.  For  the  Year  1757,  I  demand  the  Epadt? 

Year  1757  add  1,  and  the  Sum  is  1758,  which  divide 
e  Quotient  is  92,  and  the  Remainder  is  10  ;  fo  that  the 
lumber  is  10,  fubtradt  1,  there  refts  9,  which  divide  by 
otient  is  3,  and  the  Remainder  is  o  ;  which  multiply  by 
to  which  add  9,  equal  to  the  Golden  Number  lefs  r,  the 
the  Epadt  for  the  Year  1757,  the  fame  as  the  Golden 
efs  1.  . 

roblem  III.  To  find  the  Bijfextiles  or  Leap-Tears. 

)ld  or  Julian  Leap-Year,  is  every  fourth  Year,  and  fo 
m  its  leaping  a  Day  more  that  Year,  than  in  a  common 
or  in  the  common  Year,  any  fixed  Day  of  the  Month 
fucceffively  the  Day  of  the  Week,  but  in  the  Leap-Year, 
>r  leaps  over  one  Day:  Thefe  Leap-Years  (in  the  New- 
continued  exadtly  in  the  fame  Order  and  Succ<*ffion  as  Sere¬ 
ne  Centuries  in  the  next  Paragraph  taken  Notice  of,  oniy 
D  Befides 
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the  Learner's  Advantage :  Therefore  will  defcend  to  the  nec 
Ufes  of  Plane  Trigonometry  in  Plane  and  Mercators  v. 
which  will  make  way  for  Spheric  Trigonometry. 


CHAP.  III.  Plane  Trigonometry  applied  in 
iems  of  Sailing  by  the  Plane  Sea-Chart,  commonly 
Plane-Sailing. 

AN  D  that  nothing  may  be  wanting  for  the  Accomplift 
of  Navigation,  we  will  begin  now  with  the  Gregorian 
elar,  and  then  the  Ufe  of  the  Plane-Chart,  before  we  apply 
Trigonometry  to  Plane-Sailing.  e 

Seffion  I.  The  common  Notes  of  the  Gregorian  Calen 
New  Stile,  to  find  the  Prime,  Epa&,  Dominical  Letter, 
Day,  the  Moon’s  Age,  Southing,  and  time  of  High-wa 

Pioblem  I.  To  find  the  Golden  Number ,  Cycle  of  the  Su 

Roman  IndiSlion. 

Definitions ,  I.  XHE  Golden  NumKr  or  Prim\isLacC 
A  Revolution  of  19  Years;  tn  which  bj 

time  (it  has  been  fuppofed)  the  Sun  and  Moon  finiih  a! 
Variety  of  Afpecfs ;  by  this  we  find  the  Epa£t,  and  confic 
whatever  thereon  depends. 

2.  The  Cycle,  or  Circle  of  the  Sun,  maketh  its  Revolu 
28  Years;  in  which  Time  all  the  Variety  of  Dominical  I 
and  Leap-Years  expire,  and  the  29th  Year  the  Circle 
again  ;  which  Number  affifts  .in  finding  the  Dominical  Lei 
any  Year,  paft,  prefe'nt,  or  to  come. 

3.  Roman  IndiClion  confifieth  of  15  Years;  for  opce 
Years  the  fubdu’d  Nations  were  to  Pay  Tribute  to  the  Ri 
a  thing  now  out  of  Ufc  with  us. 

The  Rule  cut  of  Mr ,  Street’s  Memorial  Verfies  on  the  Ecc 

and  Civil  Calendar. 

When  1,  9,  3,  to  the  Year  hath  added  been; 
Divide  by  19,  28,  15. 

Example.  I  would  know  the  Golden  Number,  Cycle 
Sun,  and  Roman  Indi&ion  for  the  Year  1757. 
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The  Year  1757 

Add  -  i' 


Gregorian  Calendar. 

The  Operation. 

— -  1757  - 

- -9  - 


4  9 


Sum  is 

19)- 


1758 


1 757 

—  3 


48 


-(92  28)- 


176b 


11  bo 


86 


-(63.  15)- 


26 


(117 


(10) 


(2) 
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For  the  Year  1757 
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Golden  Number 
Cycle  of  the  Sun 
C.  Roman  Indi&ion 

Problem  II.  To  find  the  Epa£l  until  the  Tear  1799  inclufive. 

Definition.  The  Epact  is  1 1  Days  the  Year  of  the  Moon 
lacketh  of  th«-  Sun’s  Year  :  the  Lunar  being  354  Days,  and  the 
Solar  Year,  365  Days. 

Note  1.  The  Epadl  never  exceedeth  29,  alters  every  Year  I  r, 
and  is  ufed  to  find  the  Moon’s  Age,  and  Eafier-Day. 

Note  2.  When  the  Golden  Number  is  x,  the  Epafl:  is  o, 
conftantly;  when  2,  then  ir,  £sV. 

The  RULE  is, 

1.  Find  the  Golden  Number,  by  Prob.  1. 

2.  Subtract  1  from  the  Golden  Number,  what  refts  divide  by 
3,  and  note  the  Remainder. 

3.  Multiply  the  Remainder  by  10,  and  note  the  Produih 

4.  To  that  Produdt  add  the  Golden  Number  lefs  1  ;  the  Sum 
(if  it  exceeds  not  30)  is  the  Epadl;  but  if  it  doth,  fubtradft  30 
therefrom,  and  the  Remainder  is  the  Epa£L 

Example.  For  the  Year  1757,  I  demand  the  Epa£t  ? 

To  the  Year  1757  add  1,  and  the  Sum  is  1758,  which  divide 
by  19,  the  Quotient  is  92,  and  the  Remainder  is  10  ;  fo  that  the 
Golden  Number  is  10,  fubtradl  1,  there  refts  9,  which  divide  by 
3,  the  Quotient  is  3,  and  the  Remainder  is  0  ;  which  multiply  by 
10,  is  o,  to  which  add  9,  equal  to  the  Golden  Number  lefs  r,  the 
Sum  is  9,  the  Epa<5t  for  the  Year  1757,  the  fame  as  the  Golden 
Number  lefs  1.  . 

Problem  III.  To  find  the  Bifiextiles  or  Leap-Tears. 

The  Old  or  Julian  Leap-Year,  is  every  fourth  Year,  and  fo 
called  from  its  leaping  a  Day  more  that  Year,  than  in  a  common 
Year  ;  for  in  the  common  Year,  any  fixed  Day  of  the  Month 
changeth  fucceffively  the  Day  of  the  Week,  but  in  the  Leap-Year, 
itfkips,  or  leaps  over  one  Day  :  Thefe  Leap-  Years  (in  the  New- 
Stile)  are  continued  exactly  in  the  fame  Order  andSucc^ffionas  here¬ 
tofore  ;  the  Centuries  in  the  next  Paragraph  taken  Notice  of,  only 
excepted.  D  °  Befides 
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Befides  which,  there  is  another  kind  of  Leap-Year  to  be  ob- 
ferved  in  the  Gregorian  Account,  viz.  The  Tear  2000,  2400, 
2800  and  every  Fourth  Hundredth  Year  in  this  Succeffion  are  to  } 
be  efteemed  Leap-Years,  and  all  other  even  Hundreds,  which  by  . 
Old  Stile  are  accounted  Leap-Years,  are  in  the  prei'ent  not  to  be 
accounted  for  Leap-Years. 

Note ,  The  common  Year  hath  365  Days  in  it,  but  Leap-Year 
of  both  Kinds  366,  and  then  February  hath  29  Days,  which  in 
Common  Years  hath  but  28  Days. 

Rule  1.  For  the  'Julian  common  Leap-Years. 

Divide  the  Year  by  4,  what’s  left  fhall  be, 

For  Leap-Year  o,  for  paft  1,  2,  or  3. 

Example  1.  The  Year  1757  ;  is  it  a  Common  Year  or  Leap- 
Year  ? 

4)i75?(i=the  Remainder;  or  is  ift  Year  after  Leap- 1  ear. 
4TQ 

Example  2.  The  Year  1760  :  is  it  a  Common  Year  or  Leap- 
Year  ? 

4)i76o(o=Remainder  ;  is  therefore  Leap-Year. 

44° 

Rule  2d.  For  the  Gregorian  Leap-Years. 

As  every  Fourth  Hundredth  Year  (beginning  from  the  Year 
2000)  is  Leap-Year,  and  all  the  other  even  Hundreds,  Common 
Years  ;  cut  off  two  Cyphers  towards  the  Right-hand,  and  divide 
the  other  Figures  by  4,  the  Remainder  if  o,  points  out  Leap- 
Year,  but  if  1,  2,  or  3,  fignifies  it  to  be  a  Common  Year,  and 
the  1  ft,  2d,  or  3d  Year  after  Centennial  Leap-Year. 

Example  ijl.  The  Year  1800,  is  it  a  Common  Year  of 
Leap-Year? 

4)  1  Sioo(2=Remainder  ;  is  therefore  a  Common  Year,  and 

4  ”  2d  Year  after  Centennial  Leap-Year. 

Example  2 cl.  The  Year  2000,  is  it  Leap-Year  or  a  Common 

Year? 

4)2c]co(o=Remainder  ;  is  therefore  Centennial  Leap- 

5  Year. 

Problem  IV.  To  find  the  Dominical  Letter  until  .the  Tear  1799 

inclufive. 

Definition  1.  The  Week  Days  in  Calanders,  or  Almanacks, 
are  exprefled  by  the  firft  feven  Letters  of  the  Alphabet ;  the 
Letter  _A,  conftantly  anfwering  to  the  firft  Day  in  the  Year  5 
that  Letter  then  that  ftands  again!!  the  firft  Sunday  in  the  Year  is 
called  the  Dominical  Letter. 

The 
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The  Rule.  Divide  the  Year,  and  4th  thereof  by  7  ; 

What’s  left,  fubtraa  from  7,  the  Letter’s  given. 

Note  1.  When  it’s  Leap-Year,  there  are  two  Dominical  Let¬ 
ters  ;  one  ferves  to  the  clofe  of  February ,  the  other  from  thence  to 
the  Year’s-end  ;  ’tis  the  latter  that  this  Rule  finds. 

2.  The  Dominical  Letter  goeth  backward  in  a  Common  Year 
one  Letter,  but  in  Leap-Year  two  Letters. 

3.  As  faid  before,  the  Years  1800,  1900,  2100,  &c.  are  Leap- 
Years  according  to  the  ‘Julian ,  but  common  Years  according  to 
the  Gregorian  Calendar,  therefore  will  have  but  one  Letter  in¬ 
stead  of  two,  and  confequently  the  Order  of  the  Dominical  Let- 
iters  will  then  be  changed. 

Examp.  For  the  Year  1757.  I  demand  the  Dominical  Letter  ? 

The  Operation. 

!The  given  Year  is  (by  Prob.  3.)  the  firft  Year  after  7  r_  _ 


Leap-Year. - * - -  '  ' 

It’s  fourth  Part  is  - - - - - - ■ - 439 

The  Sum  is - - - - - ; - 21 9^ 


7)2196(313  Quotient,  and  Remainder  is  5  ;  which 
(5  fubtraa  from  7,  refts  2  for  the  Dominical 

Letter;  that  is,  B. 

(Problem  V.  By  the  19  Epafis  ;  to  find  Eafier  Limit ,  from  the 
Beginning  of  March  inclufeve. 

Difinitiom.  1.  Eafter-Limit  is  the  14th  Day  of  the  Pafchal 
New- Moon  (or  the  New-Moon  neareft  the  V  ernal  Equinox)  after 

the  Firft  of  March.  \ 

2.  The  Vernal  Equinox,  by  the  Gregorian  Calendar  is  fixed  on 

the  2i ft  of  March. 

The  R  U  L  E. 

Find  the  Epa<51  by  Problem  2. 

If  that  be  lefs  than  24,  fubtraa  it  from  44;  but  if  more  than 
24,  fubtraa  it  from  74;  if  juft  24,  fubtraa  from  73  ;  alfo  if  it 
be  25,  and  the  Golden  Number  more  than  11,  fubtraa  from  73  , 
the  Remainder  is  Eafter-Limit,  or  the  Day  of  the  Pafchal  K  * 
Moon,  from  the  ift  of  March  inclufive. 

Example.  I  demand  Eafter-Limit,  for  the  Year  ^  /  5  7 • 

The  Operation.  f 

The  Epaa  for  the  Year  1757  (by  Problem  2.)  is  - -  9 

Which  fubtraa  from - - - *  ~  1  44 

- - 

Remainder  is  Eafter-Limit  from  the  ift  of  March  35  Days, 
•£>r  the  4th  Day  of  April  for  Year  1757. 
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Problem  VI.  To  find  Eafter-Day  for  any  Tear. 
Definition.  Eafter-Day,  is  next  Sunday  after  Eafter  Limit,  or 
Day  of  the  Pafchal  Full  Moon,  and  is  "never  before  the  22d  Day 
of  March ,  nor  after  the  25th  Dav  of  April. 

The  RULE. 

1.  Find  the  Dominical  Letter  by  Problem  4. 

2.  And  Eajler-Limit  by  the  laft  Problem. 

3.  The  Letter  more  by  4,  from  Limit  take  : 

What’s  left  from  neareft  Sevens  fhall  Eajler  make. 

Example.  For  the  Year  1757,  I  demand  Eajler-Day. 

The  Operation. 

Dominical  Letter  (by  Prob.  4)  is  B,  or———. - -  ...  2 

l^it  add - - - - 4. 

-~6 

-  35 


The  Sum  is - - - 

Which  fubtracl  from  Eajler-Limit 

Remainder  is 


(found  by  Prob.  5.) 


Which  fubtradt  from  neareft  Sevens 
Remainder  is 


29 

35 


Which  added  to  Eajler-Limit  35,  Sum  is  41,  from  which  fubtradt 
March  31  Days,  remains  10,  fo  that  Ea/ler-Day  is  the  I oth  Day 
of  April  for  the  Year  1757. 

Problem  VII.  To  find  the  Moon's  Age. 

Definition.  The  Moon’s  Age  is,  how  many  Days  are  paft  fince 
the  Day  of  her  Change,  which  Age  never  exceeds  30  Days. 

The  Rule.  1.  Find  the  Epadt  by  Problem  the  2d. 

2.  To  the  Epadt  add  the  Day  of  the  Month,  and  the  Number 
of  the  Month  ;  the  Sum  if  it  exceed  not  30,  is  her  Age,  but  if  it 
doth,  fubtradt  30  as  oft  as  you  can,  and  the  Remainder  is  her  Age. 
Note,  The  Numbers  of  the  Months  are  thefe, 

January ,  February ,  March,  April,  May,  June, 

2,  1,  2,  3,  4j 

July,  Augujl,  September,  October,  November,  December. 

5,  6,  8,  8,  10,  10. 

Example.  The  21ft  of  May  1757,  I  demand  the  Moon’s  Age  ? 

The  Operation. 

The  Epadt  (by  Prob.  2.)  for  the  Year  1757  is  -  g 

To  it  add  the  Day  of  the  Month - 2r 

And- the  Month  Mays  Number  - - - 3 

The  Sum  is  - - - - 


Which  being  more  than  30  by 
is  the  Moon’s  Age  required. 


33 

-  3 


Days. 

Days. 

Which 


Se£t.  II. 
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Problem  VIII.  To  find  the  Moon’s  Southing. 

Definition.  The  Moon’s  Southing ,  is  the  Time  of  her  coming 
to,  or  upon  the  Meridian  ;  which  from  the  New  Moon  to  her 
Full,  is  after  Noon  ;  but  from  the  Full  to  the  Change,  is  before 
Noon. 

The  Rule  i.  Find  the  Moon’s  Age  by  the  1  aft  Problem. 

2.  Multiply  her  Age  by  4,  and  divide  the  Produdl  by  5  ;  the 
Quotient  is  Hours,  and  the  Remainder  is  fo  many  times  12  Mi¬ 
nutes  of  an  Hour,  and  both  together  is  her  Southing. 

Example.  The  21ft:  of  May ,  1757  ;  I  demand  the  Moon’s 
Southing  ? 

The  Operation. 

The  Moon’s  Age  (by  Prob.  7.)  is  ■  ■ ; — — — -  3  Days 

Multiply  by - - - - - .  4 

The  Prod  u£t  is  - - - - - 12 

That  divided  by  5,  the  Quotient  is  2  Hours,  and  the  Remain¬ 
der  is  2,  which  makes  24  Minutes ;  fo  that  the  MoGn’s  Southing 
is  2  Hours  24  Minutes  in  the  Aft-;  noon. 

Prob.  IX.  T«  find  the  Time  of  Full  Seai  or  High-Water ,  at  any 

Place. 

The  Rule.  I.  Find  the  Moon’s  Southing  by  the  laft  Problem. 

2.  To  the  Southing,  add  the  Point  of  the  Compafs  making 
Full  Sea,  (on  the  Full  and  Change  Day)  for  the  Place  propofed ; 
that  Sum  is  the  Time  of  Full  Sea,  or  High-water. 

Note.  The  Point  of  the  Compafs  making  Full  Sea  on  the 
Full  and  Change  Days,  may  be  found  (in  the  Tide-Table )  in  the 
Mariner's  Calendar. 

Example.  The  21ft  of  May ,  17 57;  I  demand  the  Time  of 
High-Water  at  London. 

,  The  Operation.  The  Moon’s  Southing  (by  Prob.  8.)  for  the 

21ft  of  May,  1757  is  - - 2  h.  :  24m.  Afternoon 

To  it  add  London  SW.  and  NE. -  3  h  :  00m. 


Sum  is  the  Time  of  High-Water - 5  h  :  24m.  Afternoon 

Sedl.  II.  TheU/e  of  the  Plane-Chart,  cr'Plot. 

|T’s  requifite  to  underftand  the  Plane-Chart  before  the  Cafes 
of  Plane-Sailing  :  For  it  conduces  much  to  the  Knowledge 
thereof;  and  for  the  better  undemanding  of  it,  mind  thefe  fol- 
1  owing 

D  1  Definitions 


54  The  Ufe  of  the  Plane  Chart.  Chap.  III. 

Definitions.  I.  The  Plane  Chart  fuppofcth  the  Earth  and  Sea 
to  make  one  flat  Superficies,  or  Long-fquare;  in  which  the  Me-  . 
ridians  are  Parallel,  and  the  Degrees  of  Latitude  and  Longitude* 
equal  in  all  Places  j  which  is  only  trus  in  the  Equator. 

2.  The  Equator  is  a  Line  drawn  Eaft  and  Weft,  and  is  90 
degrees  diftant  from  each  Pole  :  From  it  Latitude  beginneth,  and 
on  it  Longitude  is  counted. 

q.  The  Poles  are  two  oppofite  Points,  one  called  the  North 
Pole,  the  ether  the  South  Pole ;  and  lie  North  and  South  from 
each  other ;  at  them  is  the  greateft  Latitude  90  Degrees. 

4.  The  Meridians  are  Lines  (in  this  Chart)  parallel  to  each 
other,  and  perpendicular  to  the  Equator,  and  lie  North  and  South ; 
on  which  are  counted  the  Degrees  of  Latitude. 

5.  Parallels  of  Latitude,  are  Lines  parallel  to  the  Equator,  and 
lie  .Eaft  and  Weft. 

6.  Latitude  is  the  Breadth,  or  Diftance  of  any  Parallel  of  La¬ 

titude  from  the  Equator ;  from  whence  its  counted  both  ways  to 
each  Pole,  ending  in  90  Degrees,  the  greateft  Latitude.  I 

7.  North  Latitude,  is  on  that  fide  of  the  Equator  towards  the 
North  Pole  ;  and  South  Latitude  towards  the  South  Pole. 

8.  Difference  of  Latitude  is  the  Breadth,  or  neareft  Diftanceof 

any  two  Parallels  of  Latitude  ;  and  fheweth  how  far  one  Place 
lies  to  the  Northward,  or  Southward  of  the  other  it  never  ex¬ 
ceeded  180  Degrees.  I 

9.  Longitude  (in  the  Plane  Chart)  is  reckon’d  on  any  Parallel 
of  Latitude,  and  increafeth  to  the  Eaftward,  till  it  end  in  360  De-  1 
grees,  the  greateft  Longitude. 

10.  Difference  of  Longitude,  Meridian  Diftance,  and  Depar-  •) 
ture  from  the  Meridian,  fignify  (in  the  Plane  Chart)  one  and 
the  fame  thing,  and  is  the  neareft  Diftance  of  any  two  Meridians  ;  - 

fheweth  how  far  one  Place  is  to  the  Eaftward,  or  Weftward  of 
another. 

The  Ufe  of  the  Plane-Chart* 

Prob.  I.  To  find  the  Latitude  of  any  Place  in  the  Chart. 

Rule  r.  Take  the  neareft  Diftance  of  the  Place  to  any  Parallel 
or  Eaft  and  Weft-Line. 

2.  Lay  that  Diftance  on  the  graduated  Meridian,  fetting  one 
Foot  of  the  Compafles  in  the  faid  Parallel,  and  turning  the  other 
Foot  the  fame  Way,  the  propofed  Place  lieth  from  it ;  the  laft 
Foot  fheweth  the  Latitude  required. 

Example, 
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Examp.  What  Latitude  doth  the  Lizard,  in  England  lie  in  ? 

1.  Take  the  neareft  Diftance  from  the  Lizard  to  any  Parallel, 

or  Eaft  and  Weft  Line.  x  r  . 

2.  Lay  that  Diftance  (on  the  graduated  Meridian)  from  the 
faid  Parallel,  and  the  moveable  Foot  fheweth  4gd.  57m.  the  La¬ 
titude  of  the  Lizard ;  and  it  is  North  Latitude,  becaufe  North¬ 
ward  of  the  Equator :  do  fo  for  any  other  Place. 

Prob.  2.  To  find  the  Courfe ,  or  Bearing  of  one  Place  from  another. 

The  Rule  is, 

x.  Lay  a  Ruler  on  the  two  Places  given  ;  and  take  the  near¬ 
eft  Diftance  from  the  Center  of  any  Compafs  to  the  Ruler’s 
Edge. 

2  Slide  the  Compaftes,  (being  at  that  Diftance)  with  one 
Foot  clofe  to  the  Ruler,  and  the  other  Foot  perpendicular  to 
it  ;  n  fo  doing  the  perpendicular  Foot  points  (  among  the 
Rumb-iines)  the  Courfe,  or  Bearing  of  the  propofed  Places,  from 

one  another.  . 

Example.  I  demand  the  Courfe  from  the  Lizard  in  England, 

to  the  Bland  of  Barbadoes. 

x  Laying  a  Ruler’s  Edge  on  the  Lizard  and  Barbadoes ,  take 
the  neareft  Diftance  from  the  Center  ot  a  Compals  to  the  Edge 

of  the  Ruler.  ,  „ 

2.  Slide  the  Compaftes  along  by  the  Ruler,  keeping  one  hoot 
perpendicular  to  it,  and  it  fheweth  (among  the  Rumbs)  the  Courfe 
to  be  SW.  half  W.  neareft,  from  the  Liznrd  to  the  Bland  of  Bar¬ 
badoes  ;  the  oppofue  Point  (viz.)  NE.  hall  E.  is  the  Courte  from 
the  Ifland  Barbadoes  to  the  Lizard. 

Problem  3.  To  find  the  Di/lance  of  one  Place  from  another. 

The  Rule.  Extend  the  Compaftes  from  one  Place  to  another. 
Mealure  that  Diftance  on  a  Scale  or  Leaguess,  or  on  the  gr  a¬ 
duated  Meridian  ;  the  firft  fheweth  the  Diftance  in  Leagues  ;  tne 
latter  in  Degrees.  This  is  fo  eafy,  it  needs  no  Example. 

Problem  4.  To  find  the  Departure ,  or  Meridional  Difiance  between 
any  two  Places  in  the  Chart. 

1.  The  Rule.  Take  the  neareft  Diftance  fromtfme  of  the  given 
Places,  to  any  Meridian. 
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2.  The  Compares  being  kept  at  that  Diftance,  move  them 
Perpendicular  along  that  Meridian,  till  you  bring  both  Feet  of 
the  Compafles  into  the  Parallel  of  the  other  Place,  there  ftay  the 
Compares. 

3.  The  Diftance  from  the  Perpendicular  Foot,  to  the  other  pro- 
poled  Place,  being  meafured  on  the  graduated  Meridian,  or  on 
the  Scale  of  Leagues ,  giveth  the  Meridional  Diftance  required. 

Example.  I  demand  the  Meridional  Diftance  between  the 

Lizard  and  Cape  Finifierre  ? 

1.  Take  the  neareft  Diftance  from  the  Lizard  to  a  Meridian, 
and  Aide  the  Compafles  with  one  Foot  on  it,  and  the  other  Per¬ 
pendicular,  till  both  Feet  come  to  the  Parallel  of  Cape  Finifierre. 

2.  Then  the  Diftance  from  the  Perpendicular  Foot,  to  Cape 
Finifierre ,  being  meafured  on  the  Meridian,  is  3  Degrees  18 
Minutes,  or  66  Leagues,  which  is  the  Meridional  Diftance,  and 
fheweth  Cape  Finifierre  is  66  Leagues  to  the  Weft  ward  of  the 
Meridian  of  the  Lizard ,  and  confequently  the  Lizard  lies  66 
Leagues  to  the  Eaftward  of  the  Meridian  of  Cape  Finifierre. 

Problem  V.  The  Latitude  a  Ship  is  in,  and  her  Meridional  Dif¬ 
tance  given,  to  find  in  the  Chart  where  the  Ship  is. 

The  Rule.  1.  Lay  off  the  Meridional  Diftance  (according  to 
its  Nature,  whether  to  the  Eaftward  or  Weftward)  from  the  Place 
its  counted  from  ;  and  then  the  neareft  Diftance  from  that,  to  any 
Meridian,  muft  be  kept  in  one  Pair  of  Compafles. 

2.  With  another  pair  of  Compafles,  take  the  neareft  Diftance 
of  the  Latitude,  from  any  Parallel,  or  Eaft  and  Weft  Line. 

3.  Then  move  both  pair  of  Compafles  Perpendicular,  one  on 
the  Meridian,  the  other  on  the  Parallel,  till  both  Perpendicular- 
Feet  meet,  and  there  is  the  Point  in  the  Chart  reprefenting  the 
Place  the  Ship  is  in. 

Se£h  III.  Plane  Trigonometry  applied  in  Plane-Sailing. 

Defini-  717 Avigation,  is  the  guiding  or  dire&ing  a  Ship  (thro' 
tion.  1.  the  Ocean)  from  one  Place  to  another;  its  divided 
into  two  Generals,  Domeftic  and  Remote. 

2.  Domeftic ,  or  Home  Navigation,  is  Coafting  or  Sailing  along 
Shore,  in  which  the  Mariner's  Compafs ,  and  Lead,  are  the  chief 
Jail  l  aments.  ^ 


3  Remote, 
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3.  Remote,  (which  more  properly  bears  the  Name  of  Naviga¬ 
tion)  is  the  conducing  a  Ship  to  any  Port,  and  the  finding  what 
Latitude  and  Longitude  flie  is  in,  a:  any  Time  ;  in  the  Practice 
of  which,  the  Mariners  have  thefe  Helps,  the  Compafs,  the  Log, 
and  the  Latitude. 

4.  The  Compafs,  is  a  Circle  divided  into  4  Quadrants,  Quar¬ 
ters,  or  principal  Points;  Ealt,  Weft,  North,  and  South  ;  each 
Quarter  into  8  equal  Parts,  being  in  all  32  Rumbs,  or  Points,  as 
in  Figure  16.  of  Plate  2.  So  that  fleering  by  the  Compafs  (well 
made  and  duly  redtified)  is  known  how,  or  which  way,  the  Ship 
fails  to  a  fmall  Matter. 

5.  The  Log-line,  (truly  marked,  or  fome  other  good  way) 
is  the  Inftrument  whereby  the  Mariners  meafure  the  Ship’s  Di- 
ftance  failed,  in  Minutes,  Miles,  or  Leagues,  every  Hour, 
Watch,  or  Day. 

Note,  Each  Knot  in  the  Log-line  ought  to  be  50  Feet  from 
each  other,  and  not  42  Feet,  or  7  Fathom  ;  an  Error  too  fre¬ 
quent  among  the  Englijh  Navigators,  and  long  fince  refuted  by 
Mr.  Norwood  in  his  Seaman’s  Practice,  and  feveral  others  fince 
that  Time. 

Alfo  the  half  Minute  Glafs,  ufed  with  the*- Log-line,  ought  to 
be  truly  30  Seconds  of  Time,  and  not  25  or  26  Seconds,  as 
chiefly  made  now',  which  are  fo  called. 

6.  The  third  Help,  is  the  Knowledge  of  the  Latitude  from 
whence  he  fails,  to  which  he  is  bound,  and  where  the  Ship  is  at 
any  Time;  this  is  attained  by  Cceleflial  Obfervation  (at  Sea  with 
a  Quadrant  orForeftafF)  taking  the  Sun  or  Star’s  Mer.  Altitude.  1 

Now,  any  two  of  thefe  three  Things  exadtiy  known,  the  Na¬ 
vigator  comes  to  know  at  any  Time,  where  he  is,  how  far  he  hath 
run,  and  how  far  he  is  yet  to  run,  which  Way,  or  upon  what 
Point  of  the  Compafs  he  is  to  fleer ;  and  all  this  by  Trigonometry, 
in  three  Kinds,  viz. 

Plane- Sailing,  Wright'  s-Saihng,  and  Circle-Sailing,  as  (hall  be 
{hewed  in  Order :  And  firft  of  Plane-Sailing,  in  which  take  thefc 
Five  General  Rules  following. 

Rule  1.  That  20  Leagues  being  equal  to  60  Miles,  or  Minutes, 
is  alfo  equal  to  one  Degree  .of  Latitude. 

But  note.  One  of  thefe  Miles  or  Minutes ;  containeth  6000  Feet, 
and  is  greater  than  a  Statute  or  common  Mile,  which  is  but  5OCO 
Feet;  of  which  about  69  i  Miles  make  a  Degree;  whereas  in  the 
Practice  of  Navigation,  60  are  counted  *to  a  Degree  on  the  Me¬ 
ridian,  or  any  great  Circle.  _ 

2.  Gene- 

r 

:  V 


/ 

/ 
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2.  General  Rule.  To  find  the  Difference  of  Latitude,  when  the 
Latitudes  of  two  Places  are  given. 

{  bo°„'eh  }  N°«h  1  {  fUbr  }  *■* 

the  Difference  of  Latitude. 

3.  General  Rule.  To  find  the  Latitude  the  Ship  is  in,  when 
the  Latitude  failed  from,  and  the  Difference  of  Latitude  is  given  j 
for  this  are  the  two  following  Cafes. 


Cafe  I. 


In  |  Wh  }  LatItude  failinS  t0  the{  S^uth  }ward>  the 


Latitude  increafeth,  add. 


Cafe.  II.  . 

{south  lLatitud-e  failinS  t0  the|  North  fward>  the 


Latitude  decreafeth,  fubtraft. 

And  here  Note ,  When  the  Latitude  decreafeth,  and  the  Dif¬ 
ference  of  Latitude  is  greater  than  the  Latitude  failed  from,  the 
Ship  hath  croffed  the  Equator,  and  changed  her  Latitude  ;  either 
from  North  into  South,  or  South  into  North. 

4.  General  Rule.  The  Sum  of  the  three  Angles  of  every  .Plane 
Triangle,  is  equal  to  x 6  Points  of  the  Compafs  :  For, 


5.  General  Rule.  If  a  Ship  fails  Eaft  or  Weft,  fhe  keeps  in  the 
fame  Latitude ;  and  if  a  Ship  fails  North  or  South,  fhe  keeps  in 
the  fame  Longitude.  . 

Note ,  Plane-Sailing  is  divided  into  three  Parts,  viz. 

1.  In  a  Right. Angle-Triangle,  relating  to  a  fingle  Courfe,  in 
which  are  Six  Cafes. 

2.  In  a  Right-Angle-Triangle,  relating  to  feveral  Courfes, 
called  a  Traverle. 

3.  In  an  Oblique  Triangle,  in  which  are  but  four  Cafes,  tho’ 
Multitude  of  various  Queftions. 

The  Firft  Part  of  Plane  Sailing  is  contained  in  the  fix  Problems, 
or  Cafes  following. 


Prob 

/ 


Sect.  III. 


Plane-Sailing ,  the  firft  Part. 
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Prob.  or  Cafe  I.  Courfe ,  and  Difiance  failed  given  ;  to  find  the 

Difference  of  Latitude,  and  the  Departure  from  the  Meridian . 

Example.  Admit  a  Ship  runs  496  Minutes  SW.  by  W.  from 
the  Lizard  in  49d.  57m.  North  Latitude  :  I  demand  the  Latitude 
file  is  in,  and  how  far  fhe  is  departed  from  the  Meridian  ? 

Obferve ,  That  in  all  Problems  of  Navigation,  make  the  upper' 
End  of  the  Book  or  Slate,  to  be  the  North;  then  the  Right- 
hand  istheEaft,  the  Left-hand  the  Weft,  and  the  lower  End  is 
the  South.  Then, 

To  delineate  this  Problem  by  the  Plane-Scale. 

1.  Draw  the  Meridian  AB  (Plate  2.  Fig.  9. )  towards  the  Right- 
hand,  when  the  Courfe  isWefterly;  but  when  Eafterly  towards 
the  Left-hand ;  and  put  A  at  the  upper  End  when  the  Courfe  is 
Southerly,  but  at  the  lower  End  when  its  Northerly. 

2.  With  a  Chord  of  60  Degrees,  and  one  Foot  bn  A,  deferibe 
an  Arc;  on  that  Arc  lay  5  Rumbs  (becaufe  SW.  by  W.  is  5 
Points  from  the  South)  taken  from  the  Scale  of  Rumbs,  andJ>JMS- 
draw  the  Line  AC. 

3.  From  any  Scale  of  equal  Parts,  take  the  Diftance  run  496 
Minutes,  and  lay  it  from  A  to  C ;  then  A  reprefents  the  Place 
failed  from,  C  the  Place  the  Ship  is  come  to. 

4.  From  C  let  fall  the  Perpendicular  CB,  to  cut  the  Meridian 
in  B  and  its  done :  Then  the  meafure  of  AB,  and  BC,  on  the 
fame’  Scale'  of  equal  Parts,  that  AG  was  taken  from,  will  fhew 
how  much  the  Difference  of  Laticude,  and  Departure  from  the 
Meridian  is,  by  the  Plane  Scale. 

Thefe  Dire&ions  with  the  following  Explanation  being  well 
confidered,  will  fhew  how  to  delineate,  and  anfwer  any  of  the 
Six  Cafes  of  Plane-Sailing  by  the  Plane  Scale :  Therefore  I  omit 
the  Delineations  in  the  five  following  Cafes  ;  having  given  fuffi- 
cient  Directions  to  make  any  Rebtangle-Plane  Triangle  in  Pro¬ 
blems  10,  11,  12,  and  13  of  Practical  Geometry,  and  fuch  are 
all  the  Cafes  in  this  Part  of  Plane -Sailing. 
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This  Right-Angle  Triangle  ABC,  (Plate  2.  Fig.  9.)  may  be’* 
made  by  Prob.  10.  of  Geometry;  in  which  Note, 

r.  The  Hypotenufe  AC  reprefents  (the  Point  of  the  Compafs 
the  Ship  hath  fleered  and)  the  Ship’s  Diftance  run. 

2.  1  he  Leg  AB,  (the  Meridian,  that  is,  the  North  or  South 
Direction  of  the  Compafs)  the  Difference  of  Latitude. 

\  31  I  ^e  Leg  BC,  (the  Eaft  or  Weft  Dire&ion  of  the  Compafs, 
and  a  Parallel  of  Latitude)  the  Departure  from  the  Meridian. 

4.  The  Angle  BAC,  (the  Angle  of )  the  Ship's  Courfe. 

5.  The  Angle  ACB,  (the  Angle  of)  the  Complement  of  the 
Ship’s  Courfe. 

Note,  f  he  Angle  which  the  Point  of  the  Compafs  (fleered  by, 
or  upon)  maketh  with  the  Meridian,  or  North,  and  South  Point 
of  the  Compafs,  is  called  the  Angle  of  the  Ship’s  Courfe,  and  the 
Angle  it  maketh  with  the  Eaft,  or  Welt  Point,  is  the  Complement 
of  the  Courfe. 

V  The  Courfe,  in  this  Example  beu.g  SW.  by  W.  is  5  Points 
from  the  SV>uth,  or  Meridian,  and  makes  56d.  15m.  The  Com¬ 
plement  of) the  Courfe  is  3  Points;  that  is  33d.  45m.  as  may  be 
feen  in  th£  Table,  intitled,  A  Table  of  the  Angles  which  every 
-Runftj-^br  point  of  the  Compafs)  maketh  with  the  Meridian,  at 
the  End  of  this  Book. 

The  Things  thus  explained,  the  Proportion  (by  Chapter  2. 
Section  2.  Axiom.  1.  and  Cafe  r.  of  Plane  Right-Angle-Triangles 
in  Pages  36  and  37.)  is  as  follows. 

For  the  Difference  of  Latitude ,  thefe  three  Proportions ,  viz. 

Radius  1  f  S.  c.  Courfe 

Sec.  Courfe  >  .f  Diftance  :  :  5  Radius  >  .. 

Sec.  c.  Courfe  j  .  tT.c.  Courfe  j 

All  thefe  three  Proportions  may  be  wrought  by  the  Logarithms, 
.but  I  only  work  the  firft. 


Difference  of  Latitude. 
Min.  275.6  Tenths 
4od.  57m.  North. 
The  Diff.  of  Latitude,  Min.  275.6  or  04d.  36m.  Southerly. 


Sea.  in. 
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C\ 


For 


i  a.  t^ourie  j 

Diftance  :  :  -s  T.  Courfe  ?■  ..  Departure. 
C.  Radius  j 


\e  Departure,  thefe  three  Proportions,  viz. 

Radius  1  f  S.  Courfe  } 

Sec.  Courfe  >• 

Sec.  c.  Courfe  ' 

The  fir ft  of  thefe  by  Gunter’j  Scale. 

Radius  ..  Diftance  ::  S.  Courfe  ..  Deparr,  from  the  Meridian. 
£.8Points..  496  Mm.  :  :  S.  5  Points  ..  Minutes  412.4  Tenths. 

So  that  the  Departure  from  the  Meridian  is  Minutes  4x2.4 
Tenths,  which  makes  6d.  52m.  Meridian  Diftance  Weft. 

Prob.  or  Cafe  2.  Courfe  and  Difference  of  Latitude  given,  to  find 
the  Difiance  run,  and  the  Departure  from  the  Meridian. 

Example.  If  a  Ship  runneth  SE.  by  E.  from  id.  45m.  North 
Latitude,  and  then  (by  Obfervation)  is  in  2d.  50m.  South  Lati¬ 
tude.  What  is  her  Diftance  and  Departure  ?  Plate  2.  Fig.  10. 
This  Triangle  ABC  may  be  made  by  Prob.  12.  of  Geometry. 

In  this  Example ,  having  Latitude  the  Ship  failed  from,  and 
Latitude  fhe  is  in  by  Obfervation,  there  are  the  Latitudes  of  two 
Places  given  ;  and  by  the  fecond  General  Rule,  in  Page  58.  the 
Difference  of  Latitude  is  found,  as  followeth  : 

Latitude  failed  from - -  id.  :  45m.  North 

Latitude  by  Obfervation,  is - 2d.  :  50m.  South 


The  Difference  of  Latitude,  is 


4d.  :  35m.  or  275 


Minutes^  found  by  multiplying  by  60,  the  Minutes  in  a  Degreed 
1 fi.  For  the  D  fiance,  the  Proportion  may  be  this  •, 


S.  c.  Courfe  ..  Diff.  Lat.  :  :  Radius 

S.  3  Points  ..  275  Min.  :  :  S.  8  Points 

,  2 d.  For  the  Departure 

S.  c.  Courfe  ..  Diff'.  Lat.  :  :  S.  Courfe 

S.  3  Points  ..  275  Min.  :  :  S.  5  Points  ..  411.6  Minutes:  Or 

6d.  52m.  Eafting ;  that  is,  the  Ship  is  fo  much  to  the  Eaftward 
of  the  Meridian  of  the  Place  ftie  failed  from. 


Diftance. 

.  495  Minutes. 
this  ; 

..  Departure. 

41 1.6  Minutes : 


Problem,  or'  fe  3.  Courfe',  "ah$j(fteparture  from  the  Meridian 
given  mcl  the  Diftance,  and  Difference  of  Latitude. 


t  Exam 
\Latitu<’ 
her  I 

r 


1  fails  NE.  by  E.  from  a  Port  in  3d.  15m.  South 
depart  her  iirft  Meridian  412.  Min.  I  demand 
what  Latitude  file  is  in?  Plate  2,  Fig.  1 1. 
be  made  by  Prob.  1 2.  of  Geometry, 

I.  For 


\ 


/  A 
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&  ... 

S.  5  Points 

S.  Courfe 
S.  5  Points 


fil{ 


Id 


iy?,  Fat  the  Diftance ,  the  Proportion  is /this. 

Departure  :  •  Radius  ••  DiftatVce. 

41:2  Min.  :  :  S.  8  Points  ..  Min,.  495.5  Tenths. 

2d,  For  the  Difference  of  Latitude ,  this 
Departure  :  :  S.  c.  Courfe  ..  Diff.  Latitude. 

..  412  Min.  ::  S.  3  Points  ..  2  75  Min,utes,  which 
beincr  reduced,  is  4  Degrees  35  Minutes  Northing;  by  which 
find  the  Latitude  the  Ship  is  in,  as  here  under^ 

Latitude  failed  from,  is - * - “  3^-  I5m*  South. 

Difference  of  Latitude,  is  275.3  Min.  or  —  4d.  35m.  North. 

Subtra£l,  giveth  Latitude  the  Ship  is  in  id.  20m.  North, 
having  crofs’d  the  Equator. 

Problem,  or  Cafe  4.  Di/lance,  and  Difference  of  Latitude  given ; 
to  find  the  Courfe ,  and  Departure. 

Example.  Suppofe  a  Ship  fails  496  Min.  between  the  South  and 
the  Weft,  from  a  Port  in  2d.  48m.  South  Latitude  ;  and  then  by 
Obfervation  is  in  yd.  23m.  South  Latitude :  What  Courfe  hath  fhe 
fleered,  and  what  Departure  hath  fho.  made  ?  Plate  2.  Fig.  12. 
This  Triangle  may  be  made  by  Prob.  rt.  of  Geometry. 

By  the  two  Latitudes  mentioned  *in  this  Example ,  find  the  Dif¬ 
ference  of  Latitude,  as  followeth, 

Latitude  failed  from,  is - f—  2d.  48m.  South. 

Latitude  by  Obfervation,  is - •  7^*  23m*  South, 

Subtraft,  gives  the  Diff.  of  Latitude  4^*  351*1*  or  275  M. 
iy/,  For  the  Courfe ,  the  Proportion  is, 

Diftance  ..  Radius  :  :  Diff.  Lat.  ..  S.  c.  Courfe. 

496  Min.  ..  S.  9od.  ::  275  Min.  ...  S.  33d.  40m. 

Which  fubtraiff  from  god.  the  Remainder  56d.  20m.  is  the 
Courfe,  which  makes  5  Points  neareft;  SW.  by  W.  is.  .then  the 

Ship’s  Courfe.  , 

2  d,  The  Proportion  for  the  D^ 

Radius  ..  Diftance  :  :  S.  Courts 
S.  qod.  ..  qqbMin.  :  :  S.  564J 


re  is. 


Problem,  or  Cafe  5.  Diftance  and  Departure 
Courfe ,  and  Difference  of  Lativ 

Examp.  Admit  a  Ship  fails  496  Minutes 
and  the  Weft,  from  the  Ifland  Bermudas,  ir 
North,  until  her  Departure  is  412  M' 


dud  the 


•V 
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hath  (he  fleered  ?  And  what  Latitude  is  (he  in  ?  Plate  2.  Fig.  13. 
This  Triangle  may  be  made  by  Prob.  1 1 .  of  Geometry. 

jji,  For  the  Courfe ,  take  this  Proportion.  • 

Diftance  ..  Radius  :  :  Departure  ..  S.  Courfe. 

496  min.  ..  S.  9od.  :  :  412  min.  ..  S.  56d.  10m.  N.  Wefterly, 
That  is,  5  Points,  which  makes  the  Courfe  to  be  NW.  by  W. 

2 d,  For  the  Difference  of  Latitude . 

Radius  ..  Diftance  :  :  S.  c.  Courfe  ..  Difference  of  Latitude. 
S.god.  ..  496  min. ::  S.  33d.  50m.  ..  276.1  min.  or  4d.  36m. 

d.  m. 

Latitude  failed  from  - - - 32  :  25  North. 

Difference  of  Latitude  276  Minutes,  or  —  4  :  36  Northerly, 


Latitude  the  Ship  is  in 


37  :  01  North. 


Problem,  or  Cafe  6.  Difference  of  Latitude  and  Departure  given ; 
to  find  the  Courfe ,  and  Difiance. 

Examp.  If  a  Ship’s  Southing  be  275  Minutes,  and  her  Eafting 
412  Minutes,  What  is  her  Courfe  and  Diftance?  Plate  2.  Fig.  14. 
This  Triangle  may  be  made  by  Prob.  13.  of  Geometry. 

I/?,  9 or  the  Courfe ,  take  this  Proportion. 

Diff.  Lat.  ..  Departure  :  :  Radius  ..  T.  Courfe. 

275  Min.  ..  4i2Min.  f:  T- 45d.  T.  56d.  17m.  South 


Eafterly. 

neareft. 


or  5  Points,  which  makes  the  Courfe  to  be  S£.  by  E 


S.  Courfe 
S.  56d. 
The 
Sailini 


— «■ *c  < 


ma 


2d,  For  the  Difiance ,  this  Proportion'. 

Departure  :  :  Radius  ..  Diftance. 

412  Min.  :  :  fi.fqod.  ..  495.3  Min. 
eceding  Problems  apt  the  common  Cafes  of  Piane- 
the  Learner  ought  to  be  well  acquainted  with  ; 
jfhat  End  I  here  add  fix  more  for  Practice,  whofe  Anfwers 
id  by  the  foregoing  Rules. 

A  Ship  in  2d.  xom.  South  Latitude,  fails  N.  by  E. 
iguepf  IVhat  Latitude  is  Jhe  in  ;  and  what  is  her  Departure  ? 
fywer.  Latitude  2d.  12m.  North,  and  Departure  Leagues 
17  and  36  Part;  of  a  Hundred. 

Queftion  2.  A  Ship  fails  SSW.  from  a  Port  in  4 id.  3cm. 
North  Latitude  ;  and  then  by  Obfervation ,  the  faid  Ship  is  in  36 d 
57m.  North  Li0  tide:  I  demand  the  Difiance  Run,  and  Depar¬ 
ture?  .  to. 

.  An  fiver.  Di  flan  he  Run 
Teagues  37.7  Tentl'is. 

'iQueftiou  3.  A  Srd\ fails  SSW.  half  W.  from  2d.  30m.  South 

Latitude,/ 


Leagues 


5  Tenths,  Departure 


r  r 
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Latitude ,  until  the  Departure  he  59  Leagues :  I  demand  her  Di- 
‘ fiance  Run ,  and  the  Latitude  Jhe  is  in  ? 

AnJ.  Diftance  R.un  125.2  Leagues,  Latitude  8d.  oim.  South. 
Queft.  it.  If  a  Ship  faileth  360m.  South  IVeflward ,  from  2 id. 
59m.  South  Latitude ,  until  (by  Obfervation)  Jhe  be  in  24d.  49m. 
South  Latitude  :  IVhat  is  her  Courfe  and  Departure  ? 

Anfiu.  Courfe  is  SW.  by  W.  half  W.  and  Departure  from  the 
Meridian  is  317.3  Minutes. 

Queft.  5.  Suppofe  a  Ship  faileth  354  min.  North  EaJlward ,  from 
2d.  9m.  South  Latitude ,  until  her  Departure  be  150  min.  TVhat  is 
her  Courfe  and  Latitude  Jhe  is  in  '? 

Anfw.  Courfe  is  NNE,  a  quarter  Eaft  neareft,  and  Latitude  the 
Ship  is  in,  is  3d.  12m.  North. 

Queft.  6.  Sailing  betvjeen  the  North  and  the  IV f,  from  a'&crt 
in  id.  59m.  South  Latitude,  and  then  arriving  at  another, J’fNjin 
4d.  8m.  North  Latitude ,  which  is  209m.  to  the  IVeflward  of  the 
firfl  Port :  I  demand  the  Courfe,  and  Dijlance  from  the  firfl  Port 
to  the  fecond. 

Anfw.  Courfe  is  NNW.  half  W.  and  Diftance  of  the  Ports  is 
422.3  min.  or  140.7  Leagues. 

So  much  for  the  firft  Part  of  Plane-Sailing,  Traverfe  is  next  in 
order.  ' 


Section IV.  Plane- Sailing ,  the  fecond  Part-,  Jhcwlng  how  to  refolvt 
a  Traverfe,  or  bring  fever al  Courfes  into  one. 


HAVING  learn’d  thofe  neceftary  Problems  concerning  a 
fingle  Courfe,  the  next  in  order  is  a  Compound  Courfe ,  com¬ 
monly  called  a  Traverfe-,  in  order  to  the  right  Uiiderftanding 
whereof,  obferve  the  following  Definitions. 

1.  A  Traverfe ,  is  when  a  Ship  (meeting  with  a  contrary  Wind) 
faileth  on  feveral  Courfes  in  24  Hours. 

2.  To  refolve  a  T Wrfe,  is  to  reduce  or  bring  feveral  Courfes 
into  one  ;  the  C01JK  are  known  by  the  Compafs,  and  the 
Diftance  by  the  L<j|§#which  in.  common  Voyages  is  heav’d  once 
in  two  Hours,  but  WShips  of  War,  or  to  the  Eafl-Indies  every 
Hour.  .  (; 

3.  The  Log,  is  a  Piece  of  Wood  about  feveiji  Inches  long,  in 
Form  1-ike.a  Flound.ajj,  with  the  Head  cut  off,  and  fo  fattened  to 
a  final!  Choi  d  (or Called  the  Log-line)  at  Ate  End,  with  fo 
much  Lead  at  the  other,  that  when  it’s  put  ip  .  the  Sea,  it  may 


Spaces,  called  JCnotsj 
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by  fomething  fattened  to  it,  at^very  50.Feet  Diftance  for  a 
Knot :  Now  the  Log-line  bein*  wound  on  a  Red,  and  the 
Log  put  into  the  Sea;  if  the  Log-line  be  veered  out  fo  faft  as 
the  Ship*  fails,  then  look  how  many  Knots  are  veered  out  in 
half  a  Minute’s  Time ;  and  fo  many  Miles  or  Minutes  doth  the 
Ship  run  in  one  Hour. 

5.  One  of  thefe  Miles  contains  6000  Feet,  and  is  greater  than 
a  Statute  or  commo^  Mile,  that  being  but  5000  Feet;  of  which 
about  69!  (on  th<^vleridan,  or  any  great  Circle)  make  a  Degree; 
ibut  in  the  Practice  of  Navigation ,  60  Miles  or  Minutes  are 
counted  for  a  Degree,  therefore  I  call  them  Minutes. 

6.  In  the  Jleerpge ,  or  fome  convenient  Place  of  the  Ship, 
hangeth  a  Table  called  the  Log-Board,  divided  into  5  Columns; 
iwherein  are  written  the  Hours  of  the  Day,  Courfes  fleered,  Knots , 
l&cc.  veered  out;  and  laftly  the  Winds ;  as  in  the  Table  fol¬ 
lowing. 


The  Form  of  the  Log-Board. 

Hours  of 

l  the  Day. 

Courfes  or  Points. 

Knots. 

C/i  5. 

>1 
>  * 

Winds. 

H 

C. 

K. 

F. 

2 

SW.  by  S. 

7 

5 

WNW. 

4 

7 

5 

W  by  N. 

6 

s. 

8 

6 

wsw. 

8 

8 

5 

10 

NW.  byN.  iW. 

4 

8 

WSW..I  w. 

12 

5 

4 

2 

5 

6 

4 

sw. 

7 

6 

WNW. 

6  1 

8 

5 

8 

SE. 

4 

4 

SW  by  S. 

10 

)  sw. 

4 

5 

SSE. 

12 

,  EbE. 

5 

3 

S. 

) 
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Note,  The  Column  /or  Coi«(es  is  made  fometimes  juft  before 
the  Column  for  the  Winds,  and  then  the  three  narrow  Columns 
ftand  together. 

7.  i  he  Day  begins  and  ends  at  Noon ;  that  is,  from  Noon 
to  Noon  is  the  Length  of  the  Day. 

8.  Every  Day  at  Noon  the  Log-board  ought  to  be  copied 
into  a  Log-Book  ruled  like  the  Log-board  :  Then  xnuft  be  caft 
up  how  much  the  Ship  hath  failed  on  each  Cj^rfe. 

9.  If  the  Ship  fails  by  a  Wind,  it’s  ufual  to  allow  one  Point 
for  Leeward  Way;  fo  that  when  the  Ship  is  clofe  hauled,  and 
lieth  5  Points  and  a  half  from  the  Wind,  yet  her  Courfe  cor¬ 
rected  is  6  Points  and  a  half  from  the  Wind.  * 

10.  The  feveral  Courfes  (being  Corrected)  and  Diftances,  are 
to  be  brought  into  one  Courfe  and  Diftance;  which  is  called  Re- 
folving  a  Traverfe,  and  to  lay  it  down  by  Scale  and  Compafles, 
take  the  four  following  Rules,  which  give  the  Points  that  are  be¬ 
tween  the  Courfe  laft  made,  and  that  laid  down,  next  td  be* 
called  the  Angle  between  both  Courfes. 

Rule  1.  7  wo  Meridians  and  two  Parallels;  the  lefler  Courfe! 
fubtraCted  from  the  greater,  gives  the  Angle  between  both 


Courfes. 

iRule  2. 
together. 
Rule  3. 


7  wo  Meridians,  and  one  Parallel;  add  both  Courfes 


One  Meridian,  and  two  Parallels;  fub^raCt  the  Sum 
of  both  Courfes  from  16  Points.  -  ‘ 

Rule^  4.  One  Meridian,  and  one  Parallel;  add  8  Points,  the 
lefler  Courfe,  and  the  Complement  of  the  greater  together ;  the 
Sum  is  the  faid  Angle. 

Note  1.  North  and  South  are  called  Meridians,  and  Eaft  and 
Weft  are  called  Parallels. 

2.  By  Complement  of  the  greater  Courfe,  underftand  how 
much  it  wants  of  8  Points. 

3.  To  know  the  Meridians,  and  Parallels,  the  firft  and  fecond 
Courfes  are  compared  together,  the  Secdnd  and  third,  and  the 
third  and  fourth,  £5V. 


Example.  A  Ship  bound,  to  ■  a  certain  Port ,  meeting  with  con¬ 
trary  Winds ,  fails  firjl  S.  E.  by  S.  67  &liuutes ;  ther,  S.  E.  by  E. 
53;  then  WSW.  45;  then  NE.  by  N.  74;  then  W .  57;  and 
then  S.  by  E.  83  Minutes:  1  detnand  the  Difference  of  Latitude, 
Departure  from  the  Meridian,  .and  direct  Courfe,  fitted  Dijl 
from  the  ft  ft  Place  departed ?  Plate  2.  Fig.  15/  \ 


ante 


I.  Set 
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I.  Set  down  the  feveral  Courfes  and  Diftances,  with  the  Points 
from  the  Meridian,  &c.  as  in  the  following  Table. 


£ 

S' 

ft 

Courfes. 

lb 

. 

ft 

a 

Points  from 

iheMeridian. 

Points  tor 

Laying  down. 

Dip Latitude 
in  Minutes. 

Departure  in 
Minutes. 

North. 

South.’ 

Eaft. 

Weft. 

I 

SE  by  S. 

67 

3 

3 

55.-7 

37-2 

2 

SE  byE. 

53 

5 

H 

29.4 

44.1 

3 

W  S  W. 

45 

6. 

5 

17.2 

• 

41.6 

4 

NE  by  N- 

74 

3 

3 

61.5 

41. 1 

5 

Weft 

57 

8 

5 

q 

kO. 

6 

S  by  E. 

83 

1 

7 

81.4 

16.2 

Sum’d  up  - 

61.5 

i83-7 

138.6 

98.6 

Suhtraff  — 

61.5 

98.6 

Difference  of  Latitude  — 

122,2 

40.0 

Depart. 

2.  In  the  fifth  Column  put  the  Points  for  laying  down, 
which  are  found  by  the  four  Rules  foregoing;  The  firft  Courfe 
always  is  the  fame  with  the  Points  from  the  Meridian :  For 
the  fecond  Courfe,  it’s  14  Points,  found  by  comparing  th& 
firft  and  fecond  Courfes  together,  in  which  is  one  Meridian  and 
one  Parallel;  and  by  the  4th  Rule  it  makes  14  Points,  for  lay¬ 
ing  down  :  Again*  comparing  the  fecond  and  third  Courfes, 
it’s  one  Meridan  ®id  two  Parallels,  which  by  the  Third  Rule 
makes  5  Points  for  laying  down:  Again,  the  third  and  fourth 
Cimrfes  comparedfit’s  two  Meridians  and  two  Parallels ;  which, 
by  the  Firft  Rule  makes  3  Points  for  hying  down;  and  fo  for  the 
refi^p as  in  the  fifegoing  Table. 

3.  'By  thefe  Points  for  laying  down,  it’s  eafy  to  delineate  the 
Travdrfe;  as  you  fee  in  Plate  2.  Fig.  15.  which  is  thus: 

Firji,  Draw  the  Meridian  AB,  and  on  A  draw  an  Arc, 
with  the  Chord  of  60  Degrees,  on  which  Arc  lay  3  Points;  by  it 
draw  a  SE.  by  S.  Line,  laying  thereon  (from  A)  67  Minutes 
theDiftance  run  SE.  by  S. 

Secondly,  With  a  Chord  of  60  Decrees,  and  one  Foot  at  the  End 
of  the-SE;  by  S.  Line,  draw  an  Aft,  (always  towards  that  Point 
of  thcComiafs  dire£h-d  by  the  Courfe)  on  which  lay  14  Points: 
That  is,  take  7  Rumbs  from  the  Scale  of  Rtimbs,  and  lav  it  twice 

E  2  '  on 
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on  the  faid  Arc  ;  through  that  Point,  and*  from  the  End  of  the 
SE.  by  S.  Line,  draw  a  SE.  by  E.  Line,  making  it  53  Minutes 
long,  fo  the  fecond  Courfe  is  finifhed. 

Thirdly ,  At  the  end  of  the  SE.  by  E.  Line,  in  like  Manner 
with  the  Chord  of  60  Degrees,  draw  an  Arc,  and  thereon  lay 
5  Points,  by  which  and  the  end  of  the  SE.  by  E.  Line  draw  the 
WSW.  Line  45  Minutes  long. 

Fourthly ,  After  the  fame  Manner  draw  the  NE.  by  N.  Line 
74  Minutes  long:  Then  the  W.  Line,  57  Minutes  long-,  and 
then  the  S,  by  E.  Line,  83  Minutes  long,  ending  in  C,  the 
Place  where  the  Ship  now  is. 

LaJUy,  Draw  a  Line  from  C  to  A  (thAPlace  the  Ship  de¬ 
parted  from)  and  from  C  let  fall  the  Perpendicular  BC ;  then 
is  AC  the  Ship’s  Dillance  from  the  Place  of  Departure,  AB  her 
Difference  of  Latitude,  and  BC  her  Departure  from  her  firft 
Meridian,  each  being  meafured  on  the  fame  Scale  the  other  Lines 
were  taken  from,  will  fhew  how  much  they  are  feverally,  and 
the  Angle  BAC  meafured  on  the  Scale  of  Chords  or  Rumbs, 
fhews  her  Courfe. 

4.  Then  by  Prob.  1.  Se£L  3.  of  this  Chap,  find  the  Difference 
of  Latitude  and  Departure  from  the  Meridian,  for  thofe  Courfes 
and  Diftance  feverally;  that  is,  by  the  Firft  Cafe  of  Plane 
Sailing,  having  the  Courfe  and  Diftance  run  given;  to  find  the 
Difference  of  Latitude,  and  the  Departure  from  the  Meridian; 
and  that  for  each  given  Courfe ;  which  place  in  their  proper 
Columns,  thus;  If  the  Courfe  be  North Eafterly,  put  the  Diffe¬ 
rence  of  Latitude  in  the  North  Column,  under  (North)  and 
the  Departure  in  the  Eaft  Column,  under  (Pajl)  if  the  Courfe 
be  South  Eafterly,  then  put  the  Difference  of  Latitude  in  the 
South  Column,  and  the  Departure  in  the  Eaft  Column  ;  if  South 
Wefterly,  then  in  the  South  and  Weft  Columns;  and  if  North 
Wefterly,  then  in  the  North  and  Weft  Columns.  ■ 

As  for  Example.  The  firft  Courfe  in  the  foregoing  Traverfe 
is  SE.  by  S.  that  is,  South  Eafterly  ;  the  Difference  of  Latitude, 
Minutes  55.7,  place  in  the  South  Column  ;  and  the  Departure, 
Minutes  37.2,.  put  in  the  Eaft  Column,  as  in  the  Table  fore¬ 
going:  The  like  obferve  for  all  the  reft. 

*  '  *  *  ** 

Note ,  When  the  Courfe  is  E.W.  N.  or  S.  then,  pjace  the  Dift¬ 
ance  failed  in  the  Eaft,  Weft,^North  or  South  Columns  ;  as  here 
the  Firth  Courfe  is  W.  the  Diftance  57  Minutes  is  placed  in  the 
Weft  Column,  as  you  fee  in  the  Table  preceding. 

5.  Having 
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5.  Having  found  the  Difference  of  Latitude,  and  Departure 
from  the  Meridian  for  each  Courfe,  and  placed  them  in  their 
proper  Columns;  add  up  the  North,  South,  Eaft,  and  Weft 
Columns  feverally,  and  fubtraft  the  North  and  South  Columns, 
the  one  from  the  other,  that  is,  lithe  leaft  from  the  greateft,  for 
the  Difference  of  LatitudePm  like  Manner,  the  Eaft  and  Weft 
Columns  for  the  Departure  :  As  in  the  foregoing  Table,  the  Sum 
of  the  North  Column  61.5,  fub  tract  from  the  Sum  of  the  South 
Column  183.7,  the  Remainder*  122.2  is  the  Difference  of  Lati¬ 
tude  Southerly  :  And  the  Sum  of  the  Weft  Column  98.6,  fub- 
tra&ed  from  the  Sum  of  the  Eaft  Column  138.6,  the  Remainder 
40.0,  is  the  Departure  from  the  Meridian  Eafterly. 

6.  Then  having  lound  the  Difference  of  Latitude,  and  Depar¬ 
ture  from  the  Meridian,  the  Courfe  and  Diftance  may  be  found 
by  Problemn  6.  Seftion  3.  of  this  Chap,  And  in  this  Example, 
the  Difference  of  Latitude  being  Minutes  122.2  Southerly,  and 
the  Departure  Minutes  40.0  Eafterly,  the  Courfe  will  be  South 
i8d.  7m.  Eafterly;  that  is,  S.  by  E.  three  Quarter  E.  almoft,  and 
the  Diftance  Minutes  128.6,  which  was  required. 

After  this  manner  may  you  work  any  Traverfe  ;  and  for  the 
Learner’s  Pra&ice,  I  fubjoin  the  following  Examples. 

Examp.  2.  Suppofe  in  24  Hours  a  Ship  faileth  ds  follows ,  SW. 
ly  S.  30  Minutes,  S.  33.  NNW.  half  W.  32.  SW.  39.  SE.  9.  and 
ESE.  11  Minutes  :  What  is  her  Difference  of  Latitude ,  Departure 
from  {he  Meridian,  direfl  Courfe  and  Diftance  ? 

Anfw.  Difference  Latitude  Minutes  67.9  Southerly,  Depar¬ 
ture  Minutes  42.8  wefterly,  Courfe  is  South  3^*  *3^*  weft- 
erly,  or  SW.  by  S.  neareft,  Diftance  Minutes  80.26  Hundred. 

Kvamo  2.  If  a  Ship  faileth  (by  the  Log  Board)  in  24  Hours 
as  followi  NNE.  83  Min.  SW.  74.  E.  by  S.  92.  NNW.  126. 
S.  by  W.  47.  and  NE.  by  N.  78  Minutes:  What  is  her  Difference 
of  Latitude,  Departure ,  dire  fled  Courfe ,  and  Diftance  run . 

Anf  Difference  of  Latitude  Minutes  141.7  Notherly,  De¬ 
parture  Minutes  55-6  Eafterly,  Courfe  is  North  2id.  25m.  Eaft¬ 
erly,  or  NNE.  neareft,  Diftance  Minutes  152.3. 

Example  4.  «  Strip  faileth  W .  by  S  87  Min.  N.  46.  SSE. 

75.  E.  83.  NW.  by  W.  79.  NE.  $y  E.  57.  and NW.  by  N.  64 
Min.  I  demand  her  Difference  of  Latitude ,  Depai  ture,  dii  eft 

Courfe,  and  Diftance  run  ?  00  ,  XT  u  1 

Jnfw.  The  Difference  of  Latitude^Mmutes  88.6  Notherly, 
Departure  Minutes  27.5  wefttffly,  Courfe  North  1 7d.  15m. 
wefterly,  or  N.  by  W.  half  W.  neareft,  Diftance  92.68  Minutes. 
3  '  E  3  Example 
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Examp.  5.  A  Ship  faileth  as  follows ,  NNE.  55  min .  NW. 
W-  96.  5.  by  E.  I  £.  57.  /FS/T.  i  /T.  89.  AX  by  N.  \E.  xoo. 
SIV by  IV.  |  IV. 54..  and  N.  by  E,  50.  min.  What  is  her  Difference 
of  Latitude ,  Departure ,  dirett  C&giJe  aod  Diftance  run  ? 

Anfw.  Difference  of  LatitudisKh;  131.8.  Northerly,  Depar¬ 
ture  minutes  92.1  Wefterly,  Cotffle^d.  56m.  North  Wefterly, 
orNW.  by  N.  neareft,  Diftance  160.7  Minutes. 

Examp.  6.  A  Ship  in  46 d.  2,47/2.  South  Latitude ,  faileth  by  the 
Log-board  in  24  Hours  SE.  8  min.  SIV  by  W.  \  W.  6-  NE  by  E. 
5.  WNW.  ’  W.  9.  NW.  4.  ESE.  i  E.  3.  S.  byE.  7.  NNE.  I E. 
4.  and  E.  7  min.  What  is  her  Difference  of  Latitude ,  Departure , 
Courfe,  Diftance  run ,  and  Latitude  Jhe  is  in  P 
Arfw.  Difference  of  Latitude  nun  4.62  Southerly,  Departure 
rnin  6.17  Eafterly,  Courfe  is  S.  53d.  10m.  Eafterly,  or  SE  J  E. 
Diftance  Run  min.  7.7  j,  and  Latitude  in  46d.  29m.  South. 

Example  7.  Admit  a  Ship  in  id.  30/77.  North  Latitude,  fails 
NNE.  6  min.  SE  by  S.  i  E.  5.  NE  by  E.  half  E.  4.  WNW.  f  /T 
8.  SIV  by  S.  halfW.  7.  NW  by  N.  4.  ENE.  5.  SW.  7.  and  SE  by 
E.  5  772/77.  1  demand  her  Difference  of  Latitude ,  Departure ,  direSl 

Courfe ,  Diftance  Run ,  and  what  Latitude  Jhe  is  in  P 

Anfw.  Difference  of  Latitude  minutes  2.40  Southerly,  De¬ 
parture  min.  1.59  W efterly,  Courfe  is  South  33d.  31m.  Wefter- 
Jy,  or  SW  by  S.  Diftance  minutes  2.88,  and  Latitude  file  is  in  id. 
28m  North. 

Thus  much  for  the  Second  Part  of  Plane  Sailing,  called  a Tra- 
'i-erfc,  we  go  on  to  the  Ufe  of  an  Oblique  Triangle  in  Plane  Sailing. 
Sed.V.  Plane  Sailing  the  third  Part,  or  the  Doftrine  of  Oblique 
PlancTri angles  applied  in  Proldems  of  Sailing  by  the  Plane  Chart. 

A  Ltho’ this  Part  of  Plane  Sailing  is  the  leaft  ufefuj,  and  moft: 

difficult:  yet  for  the  Learner’s  Diverfton  I  will  add  fome 
Problems. 

Prob.  I.  Suppofe  two  Ports  lie  North  and  South,  and  a  Ship  fails 
from  the  Nothermoft  SE.  68  Min.  another  from  the  Souther- 
moft  fails  NE.  by  N.  till  Jhe  meets  the  frjl  Ship-,  Idemandthe  Di¬ 
stance  of  thefe  Ports,  and  the  fecond  Ship’s  D  fiance  run  ?. 

In  the  Oblique  Triangle  ADE,  Plate  3.  Fig.  1. 

Let  A  reprefent  the  Nothermoft  \  p 
D  the  Southermoft  - 5  ort" 

1  he  Stde  |  f^ond - }  ShiP’3  Courfe  aud  Diftance. 

E  the  Place  where  the  two  Ships  meet. 

Here  are  two  Angles  and  one  Side  oppofite  given,  and  therefore 
by  Chap.  2.  Se6t.  3.  Prob.  5.  Cafe  1.  of  Oblique-angles ,  in  Page  44. 

:  I.  For 
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1.  For  the  Side  AD,  the  Diftance  of  the  two  Ports,  the  Pror<J 
portion  by  Axiom  the  2d,  is, 

S.  A  D  E  ..  SideAE:  :S.  A  ED  ..  Side  AD. 

S.  3  Points..  68  Min.:  :  S.  9  Points  ..  Min.  120. 

Note’,  When  an  Angle  exceeds  8  Points,  fubtracl  it 
16 ;  as  here,  ^Points  being  fubtra&ed  from  16,  the  Remaind! 

7  PoinK,  is  t.g#^jfcdinftead  of  it. 

2.  For  the,JSide"PP^*the  fecond  Ship’s  Diftance,  the  Propor¬ 
tion  by- thetfaid  Axiom ,  is, 

S.  A  D  E  ..  SideAE  :  ;  S.  D  A  E  ..  Side  DE, 

S.  3  Points..  68  Min.  :  :  S.  4  Points..  86.  55  Tenths. 


NfifcwV 

from 

lindaP® 


Pr*ob.  II.  Suppofe  two  Ports  lie  NE.  and  SW.  and  a  Ship  fails 
from  the  Souther mofl  ESE.  45  min.  another  from  the  Norther- 
mojl  runs  72  min.  and  then  meets  the  frjl  Ship  ;  I  demand  the 
Courfe fleer'd  by  the  lajl ,  and  the  Diftance  of  the  Ports  ? 

In  the  Oblique  Triangle  ADE.  Plate  3.  Fig.  2. 

Let  A  reprefent  of  the  Southmoft  1  p 
D  the  Nothermoft - -  5  °r  * 

The  Side  {  }  Ship’s  Courfe  and  Diftance. 

E  the  Place  where  the  Ship’s  meet. 

Here  are  two  Sides  and  one  Angle  oppoftte  given ;  and  by 
Chap.  2.  Sett.  3.  Prob.  6.  Cafes  2  and  3.  of  Obliqne-Angles  in 
Pages  44  and  45. 

1.  For  the  Angle  ADE  the  fecond  Ship’s  Courfe,  the  Propor¬ 
tion  by  Axiom  the  2d,  is, 

SideDE  ..  S.  DAE  :  :  SideAE  ..  S.  ADE. 

72Min.  ..  S.  6yd.  30m.:  :  45  Min.  ..  S.  33d.  15m.  which 
fubtradl  from  SW.  43d.  makes  the  Courfe  gd.  45m.  South 
Wefteriy,  or  S.  three  quarters  Weft. 

2.  For  the  Side  A  D,  the  Diftance  of  the  two  Ports,  the 
Proportion  by  the  faid  Axiom ,  is, 

S.  D  A  E  ..  Side  DE.  :  :  S.  A  E  D  ..  Side  AD. 

S.  6yd.  30m.  ..  72. Min.  :  :  S:  ,7yd.  15m.  •»  76.01  Minute. 
Prob.  III.  Two  Ships  fail  from  a  certain  Read ,  one  fails  SSE. 
50  Minutes ,  the  other  SSW.  35  MinTites.  I  demand  their 
Bearing  aud  Diftance  ? 

In  the  Oblique  Triangle  ADE.  Plate  3.  Fig.  3. 

Let  a  reprefent  the  Road. 

The  Side  j  AE  Ihe  fecond  £  Ship’s  Courfe  and  Diftance. 

L  DE  the  Bearing  and  Diftance  of  the  two  Ships. 

E  4  Here 


s 
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Here  are  two  Sides,  and  one  Angle  between  them  given; 

'  ^’fcnd  by  Chap.  2.  Se&  3.  Prob.  7.  Cafe  4  and  5.  of  Oblique-' 
1L3* Angles,  in  Page  45.  4 

Pi.  For  the  Angles  AED,  and  ADE,  by  Axiom  the  third. 

fide  5 -^h)  50  Min.  From  the  three  Angles^ - -  i8od.  oom. 

at:-  --  '^-.Subtradt  the  Angle  DAE -  43d.  oom. 


J#  1  AE  35  Min. 
Sum  Sides — 85  Min. 
Diff' Sides 
(JSum  Sides 


_ Sum  of  AED,  and  ADE  — oom. 

15  Min.  The  \  Sum  of  AED^M  ADE  674'.  2pm. 
Diff-  Sides:  :  T  £  Sum  Angles  ..  T  £  C^fK/Thgles 
85  Minutes;.  15  Min.  :  :T  67d.  30m.  ..  T.  23d.  05m. 


Xhe  half  Diff.  of  the  Angles  ?,qd.  ocm. 

Added,  is  the  greater  Angle  90U.  35m.  —AED. 

■  Subtra£led  is  the  leflerAngle  44d.  25m.:=ADE. 
which  added  to  SSE.  22d.  30m.  is  South  Eafterly  66d.  55m.  and 
North  Wefterly  66  deg.  55m.  that  isESE.  and  WNW.  neareft 
is  the  Bearing  of  the  two  Ships. 

2.  For  the  Side  DE,  their  Diftance,  the  Proportion  by  the  2d 
Axiom.  „  ’  1 

S.ADE  ..  SideAE:  :  S.  DAE  Side  DE  required 
S.  54d.  25m.  ••  35  Min. :  :  S.  45d.  oom. ..  Min  35.36  Hundreds. 

Pr°MV;  luM°Je.a  ShiP  f«fll  N-  E.  50  Leagues,  then  South 
Lafcrly  85  Leagues ;  and  then  forced  back  by  foul  Weather 
105  Leagues  to tho  Place  from  whence /he  firjl  failed :  I  demand 
her  fecond  CourJ.e,  and  her  lajl  Courfe  back  ? 

.  '■ ’ 

In  the  Oblique  Triangle  ADE,  Plate  3.  Pig. 

Let  A  represent  the  Place  failed  from  at  firft.  * 

D  i  the  i  fecond  Place’  and  Side  DE  tIle  2d  Courfe  and  Dift 
E  '  (  third  Place,  and  Side  EA  the  3d  Courfe  and  Dift 

Here  are  three  Sides  given  ;  and  by  Chap.  2.  Sea.  3  Prob.  8. 
Cafe  6.  of  Oblique-angles ,  in  Pages  46  and  47. 

i.ForFE  the  Difference  of  the  Segments  AB  and  BE  •  the 
Proportion  according  to  the  4th  Axiom ,  is, 

Leagues, 


Side 

Sum  ■ 

Diff.. 


DE  85 
DA  50 


S.AE ..  SktbDE&DA:  :  dif  DE&DA ..  FE  diff  See 

105  vtSna'iS  V  35  45  L-il 

45  hE  Difference  of  the  Segments  AB,  and  BE. 

35  1 5°  ^the  half  is  |  75  EE  the  greater  Segment. 


1  35 


60 


Side  AE 


t  30A.B  the  leffer  Segment. 


105  Leagues 


2.  For 
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2.  For  the  Angles  pAE  and  AED,  the  Proportion  by  the  firft 

Hypotenufe  AD  ••  Radius :  :  Leg  AB-ScDAB  or' DAE. 

50  Leagues  ••  S.  9od.  :  :  3oLeag. ..  S.  36a.  52m. 

Subtradt  from  - — -  — - -  9°^’  o0m> 


Refteth  Angle  DAE 


53d- 

98d. 


08m.  which 
08m.  or  South 


being  added  to  the  NE.  makes  N.  Eafterly  . 

Eafterly  8 id.  52m.  fo  that  the  Courfe  from  E  to  A,  is  W.  by  N 
a  quarter  W.  back  to  the  Place  firft  failed  from.  And  again  ; 
Hypotenufe  DE  ••  Radius  :  :  Leg  BE  ••  S.c.  BED,  or  AED. 
85  Leagues  **  S.  god.  :  :  75  ^'eaS>  ’’  bid.  55m- 
Subtradt  from - - - -  9°^-  oorn* 


Refteth  the  Angle  AED 


28d.  05m. 


Which  fubtradf  from  the  South  Eafterly  8id.  52m,leavetn 
53d.  47m.  or  SE.  three  quarters  E.  neareft,  for  the  fecond  Ship’s 

Courfe  from  D  to  E.  n.  ....... 

Thefe  are  the  Kinds  of  Oblique  Quefttaw,  tho  Multitudes 
may  be  propofed,  of  which  here  followed!  £■  Tafte,  to  exercife  the 
Young  Learner  ;  all  of  them  to  be  refoTved  by  the  foregoing. 


Prob.  V.  Suppefe  a  Merchant-man  in  45d.  3cm.  North  Latitude, 
falls  into  the  Hands  of  Pyrates ,  who  take  away  his  Sea  Compafs  ; 
after  which  he  Jaileth  as  direttly  as  he  can  67  Leagues  between  ■ 
the  South  and  Weft ,  and  at  the  End  of  two  Days  meets  a 
Ship  of  War,  who  alfo  had  been  the  Day  before  in  458. 
30m.  North  Latitude,  and  had  failed  thence  SE.  by  S.  39 
Leagues  ;  now  the  Merchant-man  left  thofe  Pyrates  lying  too  and 
fro  where  they  robbed  him ,  and  the  Man  of  War  being  defirous 
to  find  them  ;  I  demand  what  Courfe  he  muft  Jhape  to  fpeak  with 
them  P 

Anfw.  iWth  6rd.  3m.  Eafterly,  or  NE.  by  E.  half  E.  the 
Man  of  Warvmuft  fteer  to  find  the  Pyrate. 

For  this  Problem  is  an  Oblique  Triangle;  two  Sides  and  one 
Angle  oppofite  given,  to  find  the  Angle  oppefite  to  the  othet 
Side;  which  Triangle  is  thus  made. 

1  Defcribe  a  Circle  with  the  Chord  of  60  Degrees,  and  quar-  . 
ter  if,  on  whofe  Diameter  fet  N.E.S.W.  and  A  at  the  Center ;  but 
(always)  N.  at  the  upper  Part,  and^E.  at  the  Right-hand  of  the 

C‘r2ClC;Then  lay  3  Points  from  S.  towards  E.  on  the  Circle,  and 
draw  the  SE.  by  S.  Line,  (AD)  39  Leagues  long. 
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3.  With  67  Leagues,  and  one  Foot  oh  D,  with  the  other  crofs 
the  Line  WAE  (produced  to  the  Eaftward)  in  C,  the  Place 
where  the  Ship  fell  in  with  the  Pyrates. 

4.  Then  draw  a  Line  from  C  to  D,  and  it’s  done:  For  A 
and  C  are  both  in  the  Latitude  of  43d.  30m.  and  the  fide  AD 
reprefents  the  Man  of  War’s  Courfe  and  Diftance,  and  the  Side 
CD  the  Merchant  Man’s  after  he  loft  his  Compafs,  fo  that  the  I 
Angle  ACD  being  meafured  on  the  Scale  of  Chords,  will  fhew 
her  Courfe  from  the  Weft,  towards  the  South,  the  Complement 

of  the  oppofite  Point  thereof  is  the  Man  of  War’s  Courfe  North 
Eafterly,  to  find  the  Pyrates. 

Problem  VI.  Coajling  along  Shore ,  I  faw  two  Capes  of  Land",  J 
the  firji  did  (by  the  Compafs)  bear  N.  the  fecond  W N  W.  then 
I  flood  away  N  W .  by  N.  9  Minutes,  until  the  frjl  bore  from 
?ne  E.  by  S.  and  the  fecond  S.  by  E.  the  Bearing  and  Difiance  of 
them  is  required  ? 


Anfvu.  South  37<d.  58m.  Weflerly,  or  SW.  by  S.  half  W. 
and  NE.  by  N.  half  E.  neareft,  Diftance  Minutes  6.221  Parts 
of  a  Thoufand. 

Note ,  In  all  Queftions  of  this  Nature,  you  muft,  as  prepara¬ 
tive  Work,  find  the  Diftance  of  each  Cape  from  the  Ship,  either 
at  firft  fetting,  or  at  laft  fetting;  which  is  evident  by  thePro- 
e£tion,  thus; 

1.  Having  drawn  a  Circle,  quarter’d  it,  and  placed  the  Letters 
N,  S,  E,  W,  and  A;  as  diteded  in  the  laft  Problem,  produce 
AN  up  higher,  becaufe  the  firft  Cape’s  Bearing  is  North. 

2.  Lay  6  Points  from  N,  towards  W,  and  draw  the  WNW. 
Line,  for  the  Second  Cape’s  Bearing. 

2.  Lay  3  Points  from  N,  towards  W,  and  draw  the  NW. 
by  N.  Line  9  Minutes  long,  from  A  to  D,  the  Ship’s  Courfe 
and  Diftance. 

4.  Then  lay  7  Points  from  S,  towards  E,  and  laying  a  Scale 
on  it  and  A,  draw  anE.  by  S.  Line  from  D,  Parallel  to  the  Edge 
of  the  Scale,  to  cut  the  North  Line  in  B,  the  firft  Cape. 

5.  In  like  manner,  lay  r  Point  from  S,  towards  E,  and  lay  a 
Scale  on  it,  and  A,  d$aw  a  S.  by  E.  Line  from  D,  Parallel  to  the 
Edge  of  the  Scale,  to  cut  the  WNW.  Line  in  C,  the  fecond  Cape. 

6.  Draw  a  Line  from  B  to  C,  and  its  done.  For  the  Line 
BC  reprefjcts  the  Bearing  and  Diftance  of  the  two  Capes,  from 
«a£^'fh^Jj|which  being  meafured  on  the  fame  Scale,  the  Side 
/uPvvas t  r  from,  will  fhew  their  Diftance  afunder.  And  the  ■ 

Angle 
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Angle  ABC,  meafured  on  th t  Scale  of  Chords  or  Rumbs ,  will  (hew 
their  Bearing,  which  is  South  Wefterly,  and  North  Eafterly. 

But  to  find  thefe  Things  by  Trigonometry,  it’s  neceffary  to 
find  the  Sides  AB  and  AC;  or  elfe  the  Sides  DB  and  DC; 
which  is  done  in  Two  Oblique  Tr. angles  ABD,  and  ACD,  in 
each,  all  the  Angles,  and  one,  fide  is  given,  to  find la hiae. 

And  Note ,  A  reprefents  the  Place  of  the  Ship  at  firft  feeing  the 
Capes,  and  D  the  Place  at  laft  Sight,  or  jetting  them. 

So  that,  when  the  Sides  AB  and  AC,  or  DB  and  DC,  are 
found;  then  there  is  either  the  Oblique  Triangle  B AC,  or  BBC 
to  work  in;  thenBC  (the  Side  common  to  both  Triangles)  with 
its  adjacent  Angles  may  be  found,  by  which  their  Bearings  and 
Diftances  from  each  other  are  difcovered  :  And  in  each  Trian¬ 
gle  there  are  two  Sides  and  one  Angle  between  them  given,  to  find 
the  other  Angles,  and  third  Side;  which  is  to  be  wrought  as  the 
third  Problem  of  this  Section. 

Prob.  VII.  Suppofe  a  Ship  failing  NW*  two  Iflands  appear  in 
Sight ,  one  bears  WNW.  tho  other  Vr-from  the  Ship,  and  when 
the  Ship  hath  failed  6  Minutes  further ,  the  firft  bears  W.  by  S. 
and  the  other  NE.  Their  Bearing  and  Difiance  is  required . . 

Anf.  South  S8d.  40m.  Wefterly,  or  SW  by W.  a  quarter  W. 
and  NE.  by  E.  a  quarter  E.  Diftance  is  Minutes  9.7  Tenths, 
found  out  as  before,  in  the  laft  Problem. 

Prob.  VIII.  Three  Ships  fail  from  one  Port )  the  firji ; fails SW.  by 
W.  the  fecond  W.  by  S.  half  W.  and  the  third  NW.  byW.  b 
min.  then  the  firft  bears  from  the  third  S. by  W.  the  fecond  bears 
from  the  third  SSE-  The  firji  and  fecond  Ship  s  Diftance  failed, 
and  their  Bearing  and  Diftance  from  each  other  is  required. 

Anf  Firft  Ship’s  Diftance  Minutes  10.45*  j5conf 
Minutes  4  644,  their  Bearing  North  3yd.  15m.  Eafterly, or  NE. 
^  N  a  quarter  E.  and  SW.  by  S.  a  quarter  W  Diftance  Minutes 
6719.  This  alfo  is  wroght  by  the  Direftion  of  the  6th  Problem. 

Problem  IX.  Admit  failing  along  Shore ,  I  ftejwo  Headlands ,  the 
Eaftermoft  bears  NNE.  and  the  Weft, ermoftWN  off  me,  at  the 
fate  time  an  lftand  bears  S.  then  after  I  faded  W  8  Minutes 
T firft  did  bear  NE  by  E.  half  E.  the  fecond  NNE.  and  th 
I/landESE.  from  me:  The  Bearing  and  Diftance  of  tofte 
Places  from  each  other  is  required  ?  ftfi  . 

Jnjw.  The  Head-lands  bear  North  88d.  48m.  Aefterlyvo^ 
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Eaft  and  Weft  neareft,  Diftance  Minutes  7.934.  The  Eaftermoft 
Head -land  bears  from  the  Ifland,  North  I4d.  29m.  Eaft,  or  N. 
by  E.  a  quarter  E.  and  S.  by  W.  a  quarter  W.  Diftance  Minutes 
9.095,  and  theWeftermoft  Head-land  bears  from  the  Ifland,  North 
32d.  14m.  Weft,  or  NW.  by  N.  and  SE.  by  S.  Diftance  Mi¬ 
nutes  10.6  Tenths. 

This  is  of  the  fame  Nature  with  the  6th  Problem,  only  here 
are  three  Things  to  be  found  as  preparative,  viz.  the  Diftance  of 
each  Head-land,  and  the  Ifland  from  the  Ship,  and  confequently 
to  find  each  of  their  Bearings  and  Diftances,  in  the  three  feveral 
Triangles,  nine  diftindt  Statings  and  Operations  are  required. 

The  next  4  Problems  are  ufed  in  turning  to  Windward. 

Problem  X.  Suppefe  the  I find  South,  and  a  Ship  is  hound  to  a 
Port  400  Leagues  direflly  to  Windward ,  and  makes  her  way  good 
within  6  ■£  Points  of  the  Wind.  I  demand  her  Diftance  failed 
upon  each  Tack ,  to  gain  the  faid  Port  ? 

Anfw  822.9  Leagues,  is  the  Ship’s  Diftance  failed  on  each 
Tack.  It  is  projected  by  the  Plane  Scale,  thus ; 

r.  Defcribe  a  Circle  with  a  Chord  of  60  Degrees,  quarter  it, 
and  place  N.E.S.W.  and  A,  as  directed  in  Problem  5. 

2.  Lay  400  Leagues  on  the  Meridian,  from  A  (Southerly)  to 
B,  the  Place  the  Ship  is  hound  unto. 

3-  From  S.  lay  6  £  Points  towards  E,  and  by  it  from  A,  draw 
the  E5E.  ^  E.  Line  AC. 

4.  Alfo  lay  6  £  Points  from  S,.  towards  W,  and  laying  a  Scale 
on  it  and  A,  draw  a  WSW,  |  W.  Line  from  B,  parallel  to  the 
edge  of  the  Scale,  to  cut  the  ESE.  |  E.  Line  in  C,  the  Place  where 
the  Ship  tack’d,  and  it’s  done. 

For,  A  reprefents  the  Place  the  Ship  fail’d  from,  B  the  Port 
400  Leagues  diredfly  to  Windward,  A  C  equal  to  C  B,  the 
Ship’s  Diftance  fail’d  on  each  Tack ;  which  being  meafured 
on  the  fame  Scale  A  B  was  taken  from  will  Ihew  how  much 

it  is. 

But  to  work  it  by  Trigonometry,  in  the  Oblique  Triangle 
ABC,  all  the  Angles  and  one  Side  AB  being  given,  the  other 
Sides  AC  and  CB  are  found,  as  in  the  Firft  Problem  of  this 
Sedtion  :  And -becaufe  two  Angles  are  equal,  the  Sides,  oppofite 
to  them  are  alfo  equal  therefore  one  Proportion  finds  AC  equal 
to  CB. 


Prob. 


king  one  or  many  Boards )  hath  run  900  Leagues-,  that  is,  450 
with  the  Larboard  T ack  aboard,  and  450  with  her  Starboard 
Tack  aboard,  is  got  300  Leagues  dire  Si  ly  to  Windward:  1  demand 
how  near  the  Wind  Jhe  makes  her  W ay  ? 

Anfw.  7cd.  32m.  or  6  Points  and  a  quarter  from  the  Wind. 
Which  is  thus  delineated  by  the  Plane- Scale. 


x.  A  Circle  being  defcribed,  quarter’d,  and  letter’d,  as  hath 
been  dire&ed  in  the  former  Problems ;  then  lay  4  Points,  from  S, 
towards  W,  and  by  it  and  A,  draw  a  (SW.)  Line  300  Leagues 
long,  from  A  to  B. 

2.  With  450  Leagues  (taken  from  the  fame  Scale  AB  was 
taken  from)  and  one  Foot  on  A,  make  an  Arc  ;  alfo  with  the 
fame,  and  one  Foot  on  B,  crofs  the  former  Arc  in  C. 

3.  From  C,  draw  Lines  to  A  and  B,  and  it’s  done;  For  the 
Angle  BAC,  equal  to  the  Angle  ABC,  meafured  on  any  Scale  of 
Chords,  fheweth  how  near  the  Wind  the  Ship  makes  her  Way. 

But  by  Trigonometry;  thus ;  In  the  Triangle  ABC,  all  three 
Sides  are  given,  to  find  the  Angles  which  may  be  done  by  the 
Fourth  Problem  of  this  Se&ion  :  But,  becaufe  the  Sides  AC  and 
BC  ate  equal,  therefore  let  fall  a  Perpendicular  from  C  to  the 
SW.  Line  AB;  as  AD,  which  cuts  AB  in  the  middle,  making 
AD  150  Leagues  equal  to  BD,  and  fo  reduces  the  Oblique  Tri¬ 
angle  ABC  into  two  equal  Right-angled-Triangles,  ADC  and 
BDC  ;  whofe  Sides,  and  Angles  in  each  Triangle  are  equal  to 
one  another;  fo  that  one  Proportion' ferveth  to  anfwer  the  Que- 

For  in  the  Right-Angled-Triangle  ADC,  there  is  given  the 
Hypotenufe  AC  450  Leagues,  and  Leg  AD  1 50  Leagues  ;  to 
find  the  Angle  CAD  which  is  equal  to  the  Angle  CBD  (the  Ships 
Courfe  from  the  Wind)  which  is  done  by  Note  2.  of  Axiom  I. 


450  Lcag.  ••  S.  90c!.  :  :  i5oLeag.  ••  S.  19c!.  28m. 

Which  iubtrad!  from - 9°^*  oom’ 

»• 

m.  -  ■  . . 

Remainder  is  the  Angle  CAD  =  ABC.  70d.  32m-or6|pts. 
the  Ship’s  Courfe  from  the  Wind  SW  ;  that  is,  her  Courle  is 
SSE.  I  E.  with  her  Starboard  Tacks  aboard,  and  NW.  by  W. 
lW,  with  her  Larboard. 

*  Prnh 
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Prob.  XII.  Admit  a  Ship  bound  to  a  Port  that  lieth  SW.  by  S. 
484  Leagues  Dijlance ,  the  Wind  S.  by  E.  and  makes  her  way 
good  within  6  £  Points  of  the  Wind .  /  demand  how  far  foe 
mujl  fail  upon  each  Tack ,  to  gain  the  Port  P 

Anfw.  689.8  Leagues  on  her  Larboard  Tack,  and  326.3 
Leagues  on  her  Starboard  Tack,  to  arrive  at  the  Port,  which  is 
thus  demonftrated  by  the  Plane  Scale. 

1.  The  Circle  deferib’d,  quarter’d,  &c.  as  formerly,  lay  one 
Point  from  S,  toward  E,  and  by  it  and  A  draw  a  S.  by  E.  Line 
AB,  reprefenting  the  Wind. 

2.  From  S,  towards  W,  lay  3  Points,  and  by  it  and  A,  draw 
aSW.  byS.  Line  484  Leagues  long,  from  A  to  C. 

3.  From  tbe  Wind  (S.  byE.)  lay  6  £  Points  towards  W,  and 
by  it  and  A,  draw  a  (SW.  by  W.  £  W.)  Line  AD. 

4.  Likewife  lay  6  £  Points  from  the  Wind  (S.  byE.)  towards 
E,  on  which  Pun£l  and  A,  lay  a  Scale;  then  from  C  draw  an 
(E.  by  S.  £  E)  Line  to  cut  the  Wind,  (S.  byE.)  Line  in  B,  and 
the  SW.  by  W.  £  W.  Line  in  D,  anu  it’s  done:  For  AD,  and 
DC  reprefents  the  Ship’s  Diftance  failed  on  each  Tack,  which 
being  meafured  on  the  fame  Scale  AC  was  taken  from,  will  {hew 
how  much  the  Diftance  fail’d  on  each  Tack  is. 

By  Trigonometry  it’s  thus;  In  the  Oblique  Triangle  ACD, 
all  the  Angles  and  one  Side  is  given,  to  find  the  other  two  Sides, 
which  is  done  by  the  firft  Problem  of  this  Section,  in  Page  71. 

As  S  ADC  ..  Side  AC  :  :  S.  ACD  ..  Side  AD. 

5.  3fPoints ..  484leag. :  :  S.  io£  Points  ..  689.8  Leagues,  is 
the  Ship’s  Diftance  fail’d  on  her  Larboard  Tack. 

As  S.  ADC..  Side  AC:  :  S.  CAD  ..Side  CD. 

S.  3!  Points ..  484  leag.:  :  S.  2  £  Points  ..  326.3  Leagues,  is 
the  Ships  Diftance  fail’d  on  the  Starboard  Tack. 

Prob.  XIII.  If  two  Ports  He  SW.  by  S.  and  K'E.  by  N.  Dijlance 
484  Minutes,  the  Wind  S-  by  E.  and  a  Ship  fails  from  the  North¬ 
er  mof  Port,  clofe  upon  a  Wind  695  Minutes ,  with  her  Lar¬ 
board  7 ack  aboard  and  332  with  her  Starboard  Tack  aboard ', 
and  then  arrives  at  the  Souther  mof  Part:  1  demand  hew  near 
tbe  Wind  foe  ?nakes  her  way  good  upon  each  Tack 

Anfw.  70d.  32m.  on  one  Tack,  and  7od.  31m.  on  t’other ; 
which  is  6  £  Points  from  the  Wind  ;  that  is  SW.  by  W.  £  W. 
with  her  Larboard  Tack,  and  E.  by  S.  £  E.  with  her  Starboard 
Tack.  ■  ,  Which 
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Which  is  thus  demonftrated  by  the  Plane  Scale. 

i.  Defcribe  a  Circle  with  a  Chord  of  60  Degrees,  quarter 
it,  &c.  as  formerly,  then  lay  three  Points  from  S,  towards  W, 
and  by  it  and  A,  draw  a  SW.  by  S.  Line  484  Minutes  long,  from 


A  to  B. 

2.  Lay  1  Point  from  S,  towards  E,  and  by  it  and  A,  draw  the 
S.  byE.  Line  AC. 

3.  With  695  Minufes  (taken  from  the  fame  Scale  AB  was  ta¬ 
ken  from)  and  one  Foot  on  A,  make  an  Arc ;  alfo  with  332 
Minutes,  and  one  Foot  on  B,  crofs  the  former  Arc  in  D. 

4.  From  D,  draw  Lines  to  A  and  B,  and  continue  the  Line 
BD,  ’till  it  cuts  the  S.  by  E.  Line  AC  in  C,  and  it’s  done  :  For 
the  Angles  D  AC,  and  ACD  meafured  on  the  Scale  of  Chords  or 
Rumbs,  will  fhew  how  near  the  Wind  the  Ship  makes  her  Way 
good  on  each  Tack. 

By  Trigonometry  it’s  thus;  in  the  Oblique  Triangle  ABD, 
all  the  three  Sides  are  given,  to  find  the  Angles;  that  is,  the  Side 
AD  695  Minutes,  SideAB  484,  and  Side  BD  332;  to  find  the 
Angles  BAD,  and  BDA ;  which  is  done  by  the  Fourth  Problem 
of  this  Section,  in  Pages  72  and  73. 

The  next  Problems  are  concerning  Currents 


Prob.  XIV.  Suppofe  a  Current  fets  NNE.  7  Minutes  in  a  certain 
lime,  and  a  Ship  fails  SSW.  (by  the  Log)  9  Minutes  in  the  fame 
Time :  What  is  her  true  Courfe  and  Dijlance  ? 

Anfw.  SSW  is  the  Ship’s  true  Courfe  and  Diftance  2  Mi¬ 
nutes:  which  is  evident  by  the  Plane  Scale,  thus  ; 

1.  Having  done  as  formerly  directed,  in  making  a  Circle,  &c. 
Lay' 2  Points  from  S,  towards  W,  and  by  it  and  A  draw  a  SSW. 
Line,  9  Minutes  long,  from  A  to  B. 

2.  With  7  Minutes  (taken  from  the  fame  Scale  AB  was  taken 
from)  and  one  Foot  on  B,  crofs  the  Line  AB  in  C,  fo  thatBC 
may  be  NNE.  and  it’s  done:  For  AC  meafured  on  the  fame 
Scale,  Iheweth  the  Ship’s  true  Diftance :  Or  thus, 

From  the  Ship’s  fuppofed  Diftance  SSW.  9  Min.  AB. 
Subtract  the  Current’s  Motion  NNE.  7  Min.  BC. 


Remains  the  Ship’s  true  Diftance  SSW.  2  Min.  AC. 
The  like  is  done  for  the  two  next  following  Problems. 

Prob.  XV.  If  a  Current  fets  E.  4  Min.  an  Hour ,  a  Ship  fails 
E.  (by  the  Log.J  5  Minutes  in  an  Hour:  The  Ship's  true  Courfe 
and  Difiance  is  required  ? 

Anfw.  The  Ship’s  true  Courfe  is  Eaft,  Diftance  9  Minutes. 

J  Prob. 
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Prob.  XVI.  A  Current  fetting  WSW.  90  Minutes  in  a  known  time , 
and  a  Ship  failing  ENE.  {by  the  Log.)  60  Minutes  in  the  fame 
time  :  What  is  her  true  Courfe  and  Dijlance. 

Anfw.  WSW.  30  Minutes,  fo  that  fhe  is  fallen  a  Stern. 

Prob.  XVII.  Suppofe  a  Current  fetteth  E.  2  Minutes  an  Hour , 
and  a  Ship  fails  S.  6  Minutes  an  Hour.  What's  her  true  Courfe 

and  Dijlance  ?  . 

Anfw.  South  i8d.  26m.  Eafterly,  or  S.  by  E.  £  E.  is  the 
Ship’s  true  Courfe,  Diftance  6  t§§5* 

By  the  Plane-Scale ,  it’s  thus  demonftrated. 

1.  After  a  Circle  is  defcribed,  (Ac.  as  formerly,  then  lay  6  Mi¬ 
nutes  on  the  Meridian  from  A  to  B. 

2.  Draw  BC  parallel  to  WAE,  and  thereon  lay  2  Minutes 
from  B  (towards  the  Right-hand)  to  C. 

3.  Then  draw  a  Line  from  A  to  C,  and  it’s  done ;  for  the 
Angle  BAC  is  the  Ship’s  true  Courfe,  and  the  Side  AC  her  true 
Diftance. 

By  Trigonometry  it’s  thus;  The  Triangle  ABC  is  a  Right- 
Angled-Triangle,  in  which  both  Legs  are  given,  the  Leg  AB  6 
Minutes,  the  Ship’s  fuppofed  Diftance,  and  the  Leg  BC  2  Minutes, 
the  Current’s  Motion,  to  find  the  Angle  BAC  the  Ship  s.  true 
Courfe,  and  the  Hypotenufe  AC  her  true  Diftance  ;  which  is 
done  by  Axiom  the  Firjlt  and  Note  x,  and  2,  of  Plane  Trigono¬ 
metry ,  in  Page  36. 

In  like  Manner,  Problem  18  and  19.  are  performed. 

Prob.  XVIII.  If  a  Ship  fails  ( five  Days  together)  by  the  Log ,  SW. 
725  Minutes ,  in  a  Current  that  fetteth  (in  the  fame  time)  SE. 
280  Minutes  :  What's  the  true  Courfe  and  Dijlance  ? 

Anfw.  South  23d.  53m.  Wefterly,  orSSW.  is  the  Ship’s  true 
Courfe,  Diftance  777.2,  Minutes. 

Prob.  XIX.  Admit  a  Ship  fails  W.  730  Minutes ,  thwart  a 
Current  Jetting  to  the  Southward ;  and  then  by  Obfervation ,  fnd- 
eth  the  Difference  of  Latitude  is  4 d.  or  240  Minutes.  I  demand 
her  true  Couij'e  and  Dijlance  ?  _ 

Anfw.  South  7  id,  48m.  Wefterly,  or  WSW.  £  W.  is  the 
Ship’s  true  Courfe,  Diftance  768.5  Minutes. 

Problem 
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’roblem  XX.  If  a  Ship  fails  S.  by  E.  36  Minutes  in  a  Current s 
and  then  arrives  at  a  Port  which  lieth  from  the  Place  Jhe  de¬ 
parted  from  SE.  by  S.  Diglance  54  Minutes :  I  demand  the  Cur¬ 
rent's  Motion  both  in  Quality  and  Quantity -,  that  is,  Iiow  it 
fetteth,  and  how  fajl  ? 

Anfwer.  The  Current  fetteth  South  57<3.  21m.  Eaft  ;  or 
£SE.  is  the  Drift  of  the  Current  as  to  Quality,  and  Minutes 
124  9  Tenths  is  its  Drift  as  to  Quantity  ;  and  is  demonftrated  by 
the  Plane  Scale,  after  thi4.4nann.er  ; 

x.  As  before,  having  defcribed  a  Circle,  &c.  Lay  1  Point 
(from  S.  towards  E,  and  by  it  and  A,  draw  a  S.  by  E-.  Line  36 
Minutes  lopg,  from  A  to  B. 

2.  Lay  3.  Points  from  S,  towards  E,  and  by  it  and  A,  draw  a 
SE.  by  S.  Line,  54  Minutes  long,  from  A  to  C. 

3.  Then  draw  a  Line  from  B  to  C,  and  it’s  done  :  For  the 
Angle  ACB  meafured  (on  the  Scale)  fheweth  the  Current’s  Mo¬ 
tion  as  to  its  Quality,  which  Way  from  the  SE.  by  S.  and  the 
Side  BC  meafured  (on  the  Scale)  Iheweth  the  Current’s  Mo¬ 
tion,  as  to  its  Quantity,  how  much,  or  how  faft. 

But  by  Plane  Trigonometry,  ’tis  thus, 

In  the  Oblique  Triangle  ABC,  there  are  given,  two  Sides,  and 
ian  included  Angle;  ^iat  is,  the  Side  AC  54  Minutes,  the 
Side  AB  36  Minutes^  and  the  Angle  BAC  two  Points,  equal  to 
22d.  3cm.  to  find  the  Angles  ABC,  ACB,  and  the  Side  BC ; 
Which  is  wrought  by  Axiom  the  third,  and  is.,  like  the  third  Pro¬ 
blem  of  this  Sedfion.  "fjty 

Problem  XXI.  Suppofe  a  Ship  jhils  from  a:  certain  Cape,  or  Head¬ 
land,  and  (by  the  Log)  in  ?  24  Hours ,  runneth  S  S  W.  49 
Minutes,  in  a  Current  Jetting  between  the  N.  and  the  W .  and 
then  the  Cape  did  bear  ENE.  from  the  Ship,  and  by  Obfervation , 
the  Difference  of  Latitude  was  30  Minutes ;  I  demand  the 
Current's  Motion ;  that  is,  upon  what  Point  of  the  Compafs,  and 
how  fajl  ? 

Anfwer.  The  Current  fets  North  74ft.  7m.  Weft,  or  WNW. 
half  W.  neareft,  and  at  the  Rate  of  Minutes  2.325  an  Hour,  and 
is  thus  demonftrated  by  the  Plane  Scale, 

1.  After  the  Circle  is  defcribed,  quartered,  &c.  lay  two 
Points  from  S,  towards  W,  and  by  it  and  A,  draw  a  SSW. 
Line  49  Minutes  long,  from  A  to  B. 

2.  Lay  6  Points  from  S,  towards  W,  and  by  it  and  A,  draw  a 
WSW.  and  ENE.  Line  AC. 
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•  3.  Lay  30  Minutes  (on  the  Meridian)  from  A  to  D,  and 
from  D  draw  a  Weft  Line  Parallel  to  AW,  to  cut  the  WSW. 
Line  in  C. 

4.  Then  draw  a  Line  from  B  to  C,  and  it’s  done:  For  the 
Angle  ABC  being  meafured  on  the'Scale,  iheweth  the  Current’s 
Motion  from  SSW.  and  the  Side  BC  being  meafured  Iheweth 
how  much  the  Current  fet  the  Ship. 

By  Plane  Trigonometry ,  it’s  thus  ; 

1.  In  the  Right  Angle  Triangle  ADC,  there  is  given  the 
Leg  AD  30  Minutes,  Angle  DAC  6  Points,  and  Angle  ACD 
2  Points ;  to  find  the  Hypotenufe  AC,  which  is  done  by  Axiom 
the  firjly  of  Plane  Trigonometry. 

2.  Then  in  the  Oblique  Triangle  ABC,  there  is  given,  the. 
Side  AB  49  Minutes,  the  Side  AC  found  before,  and  the  includ¬ 
ed  Angle  BAC  4  Points,  equal  to  45d.  to  find  thqr  Angle  ABC, 
(the  Current’s  Motion  from  SSW.)  and  the  SidejBC,  its  Mo¬ 
tion  how  much,  which  is  folved  by  Axiom  the  3d,  as  was  the  laft 
Problem. 

Let  this  fuffice  for  the  Firjl  Part  of  Navigation ,  commonly 
called  Plane-Sailing ,  though  many  more  Problems  might  be  in¬ 
vented.  Wright’ s-Sailing  is  next  in  order. 

t  b/u 


C  H  A  P  T  E  R  IV. 

The  Second  Part  cf  Navigation,  or  the  DoRrine  of  Plane 
Right  -  Angle  -  Triangles,  applied  in  Problems  of 
Mr.  Wright’ s  Sailing  ( commonly  called )  Mercator 's 
Sailing. 

IT’s  neceflary  to  defcribe  Mr.  Wright’s  Chart,  and  fhew  the 
Ufes  thereof,  before  the  Problems  of  Sailing  by  it,  which,  by 
this  Method,  will  be  the  eafier  underftood. 

SeCtion  I.  The  Defcription  and  life  of  Mr.  Wright’s  Chart. 

r-pHIS  Projection  fuppofeth  the  Earth  and  Sea  to  make  one 
^  round  Body  or  Globe  :  In  order  to  the  right  underftanding 
of  which,  obferve  the  following  Definitions. 

1.  Upon  this  Earthly  Globe  are  imagined  two  oppofite  Points, 
one  called  the  North  Pole,  the  other  the  South  Pole  ■,  as  P,  and  I. 
Plate  5.  Fig .  I. 

2.  In  the  Middle  between  thofe  two  Poles,  or  equally  diftani 
from  each,  is  drawn  a  Circle  round  the  Globe,  called  th< 

Equator 
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Equator ;  from  which,  Latitude  taketh  its  Beginning,  and  in 
which,  Longitude  is  reckon’d;  as  fEAQ^ 

3.  Any  Circle  drawn  through  both  Poles,  is  called  a  Meri¬ 
dian,  as  PMI,  PNI,  &c.  anfwerable  thereunto  is  any  North  of 
South  Line  drawn  in  the  Chart. 

4.  Thofe  Circles  which  are  Parallel  to  the  Equator,  are  cal¬ 
led  Parallels  of  Latitude;  as  alt,  Zlt,  &c.  and  are  reprefented 
in  the  Chart  by  the  Eaft  and  Weft  Lines. 

5.  Latitude  of  a  Place,  is  the  (neareft)  Diftance  of  any  Parallel 
palling  over  it  from  the  Equator ;  from  thence  counted  both  W ays 
to  each  Pole,  ending' in  go  Degrees,  the  greateft  Latitude. 

6.  North  Latitude ,  is  on  that  Side  the  Equator  towards  the 
North  Pole,  and  South  Latitude  on  the  other  Side  of  the  Equator* 
towards  the  South  Pole. 

7.  Difference  of  Latitude,  is  the  (neareft)  Diftance  between  any 
two  Parallels,  and  fheweth  how  far  one  Place  is  to  the  Northward 
or  Southward  of  another,  it  never  exceeds  180  Degrees. 

8.  Longitude,  is  reckon’d  in  the  Equator,  round  which1  (by 

fome)  it’s  counted  increaftng  to  the  Eaftward,  ’till  it  end  (where 
lit  firft  began)  in  360  Degrees,  the  greateft  Longitude  :  CVhera 
(as  Mr.  Wakely,  in  his  Mariner's  Compafs  Rectified,  ■  .u  alfo 
now  in  the  Mariner's  New  Calendar)  reckon  it  from  oneM>‘‘ 
id  ian,  both  Eafterly  and  Wefterly,  till  both  Accounts  nr.  A  -  at 
1 8c  Degrees  in  the  oppofite  Meridian,  as  in  both  the  aforefaid 
eBooks,  Longitude  begins  at  the  Meridian  of  Londo q,  and  froth 
Whence  is  counted  Eafterly,  Eaft  Longitude  180  Degrees;  and 
Wefterly,  Weft  Longitude  180  Degrees,,  at  which  both  Lon¬ 
gitudes  end.  , 

9.  Difference  of  Longitude,  is  that  Diftance  or  Portion  of  the 
Equator  contained  between  the  Meridians  of  any  two  Places,  and 
ifheweth  (in  the  Equator)  hmv  far  the  Meridian  of  one  Place,  is 
ito  the  Eaftward  or  Weftwam  ofUthe  Meridian  of  another,  and 
never  exceeds  180  Degrees. 

From  thefe  Definitions,  or  Principles,  there  muft  neceflarily 
follow  thefe'  Theorems. 

1.  The  Di/lance  of  any  "Two  Meridians,  in  any  Parallel  of  La¬ 
titude,  is  lets  than  their  Diftance  in  the  Equator,  becaufe  all  Me¬ 
ridians  on  the  Globe  meet  in  the  Poles. 

2.  The  Degrees  of  Longitude  diminifh  towards  each  Pole; 
and  the  nearer  the  Pole,  the  lefs  they  are,  becaufe  the  Meridians 
approach  nearer  to  one  another,  the  farther  you  fail  from  the 
Equator,  towards  either  Pole. 

F  2  3-  The 


The  Ufe  of  Mercator’s-Chart.  Chap.  IV. 


3.  The  Degrees  of  Latitude  are  equal  in  all  Places  or  Parts  of 

4  The  Plane  Chart,  which  counteth  the  Degrees  (as  well  of 
Longitude,  as  of  Latitude)  in  all  Places,  to  be  equal,  is  noto- 

xf Wright's  Projection  (commonly  known  by  the  Name 
of  Mercator' s-Chart)  wherein  (though  the  Degrees  of  Longi¬ 
tude  are  equal,  having  the  Meridians  Parallel  to  one  another) 
the  Degrees  of  Latitude  are  enlarged  towards  each  Pole,  in  the 
fame  Proportion  as  the  Degrees  of  Longitude  diminifh  on  the 
Globe,  will  in  all  Refpedls  agree  with  the  Globe,  and  is  a  true 
Way  of  Sailing. 

Thefe  Definitions  and  Theorems  duly  coniider  d,  there  needs 
no  further  Defcription  of  this  Chart,  it  having  only  this 
Difference  from  the  Plane  Chart,  before  defcribed  in  Chap.  3. 
Se£i.  2.  Page  53-  th31  the  Equator  is  divided  and  numbered  in 
Degrees,  as  the  graduated  Meridian  is  in  the  other  :  the  Ufes  are 

as  follow. 


Problem  I.  To  find  the  Latitude  of  any  Place  in  the  Chart. 


This  was  taught  before  (in  the  Ufe  of  the  Plane  Chart) 
in  Page  54,  and  needs  no  further  Rule  or  Example, 


Problem  II-  To  find  the  Longitude  of  any  Place  in  the  Chart  ? 


The  Rule.  1.  Take  the  neareft  Diftance  from  the  propofed 
Place  to  any  Meridian. 

2.  Move  the  Compafles  (being  kept  at  that  Diftance  with  one 
Foot  on  the  Meridian)  ’till  both  Feet  come  to  the  Equator,  and 
the  Foot  which  flood  on  the  propofed  Place  fheweth  its  Longi¬ 
tude  required. 


Example.  1  demand  the  Longitude  of  the  Lizard  in  England  i 


Anfw.  gd.  42m.  according  to  the  old  Way  of  computing 
the  Longitude  from  the  Meridian  of  Pico  Tcnerifif ;  But  5d.  14m. 
Weft  Longitude,  counting  Eaft  and  Weft  Longitude  from  the 
Meridian  of  London,  according  to  the  Mariner's  Gpmpafs  Retti- 


Note  \ 
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Note-,  Some  Charts  begin  Longitude  at  the  Lizard,  counting 
[rom  thence  Eaftward  and  Weftward,  180  Degrees. 


Problem' III-  To  find  the  Courfe  or  Bearing  of  any  two  Places  its 

the  Chart. 


This  is  done  as  before,  in  the  Ufe  of  the  Plane  Chart,  in  pag' 
and  needs  no  Example. 


Problem  IV.  To  find  the  Difiance  of  any  tivo  Places  in  the  Chart. 

In  this  Problem  are  four  Cafes ;  the  two  Places  may  be  htuated 
under  one  Meridian,  under  the  Equator,  or  in  one  Parallel,  or 
they  may  differ  both  in  Latitude  and  Longitude. 


Cafe  1. 


Two  Places  under  one  Meridian ,  {that  is,  differing  only 
in  Latitude)  being  given,  to  find  their  D  fiance. 


The  Rule  Find  the  Difference  of  Latitude  between  the  two 

ces,  has  been  taught  in  Chap.  3.  _ 

page  58. 


Cafe  2.  Two  Places  in  the  Equator  given,  U  find  their  D  fiance. 
The  Rule.  Find  the  Difference  of  Longitude  between  them, 

^How  *to  fincf  the  Difference  of  Longitude,  will  be  Ihewed  in 
the  next  Seflion,  in  page  89. 


Cafe 


,  Two  Places  in  one  Parallel,  (that  is,  differing  only  in 
Longitude )  being  given,  to  find  their  Dfiance. 


Take  the  Diftance  between  the  given  Places  in 


The  Rule  1 . 

h\CLay  that  Diftance  on  the  graduated  Meridian,  fo  that  one 
Foot  may  be  as  many  Degrees  above  the  Parallel  of  the  given 
Places,  as  the  other  below  it,  there  ftay  the  Compaffes^ 

3.  Count  the  Degrees  between  the  beet  of  the  Compaffes, 

and  ’tis  the  Diftance  required. 


?xamole.  1  demand  the  Dfiance  from  the  L'zard  in  England, 
"  Pcn^win  Ifland  on  the  Coajl  of  Newfoundland,  both  being 
nearly  in  the  Latitude  of  50L  00m.  North. 
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Here,  the  Diftance  from  the  Lizard  to  Pengwin  Iiland  ap¬ 
plied  to  the  MeridiaO  a*  di redied,  will  reach  from  3 id.  30rp.  to 
62d.  00m.  the  latter  being  as  much  above  50d.  00m.  as  the  for¬ 
mer  is  below  it;  and  the  Degrees  intercepted  are  jcf,  or  6x0 
Leag.  which  is  the  Diftance  required. 

Take  the  Length  of  the  Degree  in  the  given  Latitude,  as  here 
from  49d.  30m.  to  5od.  30m.  turn  -that  over  ih  a  ftrait  Line, 
from  the  Lizard  to  Pengwin  Iflar.d,  and  it’s  3C|  Times ;  which 
ftiews  the  Diftance  3od.  30m.  as  before. 

Cafe  4.  Two  Places  differing  in  Latitude  and  Longitude ,  being 
given ,  to  find  their  Dijlance. 


The  Rule.  1.  Take  their  Difference  of  Latitude  from  the 
Equator. 

2.  Lay  a  Ruler  on  both  given  Places,  apply  that  Diftance  fo 
to  the  Ruler’s  Edge,  that  when  one  Foot  is  placed  clofe  to  the 
Ruler,  and  the  other  turned  about,  it  may  juft  touch  fome  Eaft 
and  Weft  Line,  crofted  by  the  faid  Ruler’s  Edge,  there  ftay  the 
Compafies. 

3.  Then  the  Diftance  (by  the  Ruler’s  Edge)  from  the  Place 
where  the  Compaffes  refted,  to  that  Place  where  the  Ruler 
croffeth  the  aforefaid  Eaft  and  Weft  Line,  meafured  on  the  Equa¬ 
tor,  giveth  the  Diftance  required. 


Example. 

J  demand  the  Diftance  from  the  Lizard,  to  the  If  and  Barbadoes  ? 

The  Lizard's  Latitude  is  -  49ft.  57m.  \  .  „ 

And  Barbadoes  Latitude  is  — -  i2d.  58m.  J  Itoblem  1. 

Their  Difference  of  Latitude — 36c].  59m. 

Then  take  their  Difference  of  Latitude  36d.  59m.  from  the 
Equator,  and  laying  a  Ruler  on  both  Places,  apply  one  Foot  of 
the  Compaffes  fo  to  the  Ruler’s  Edge,  that  turning  the  other 
about,  it  may  touch  an  Eaft  and  Weft  Line,  crofted  by  the 
Ruler;  then  the  Diftance  (by  the  Ruler’s  Edge)  from  the  Place 
where  the  Compaffes  refted,  to  the  Place  where  the  Ruler  crofted 
the  aforefaid  Eaft  and  Weft  Line,  meafured  on  the  Equator,  is 
57d.  45m.  or  1155  Leagues,  the  Diftance  required. 

And  here  obferve ;  the  Meridian  Line,  and  Line  of  Equal 
Parts  next  one  to  another  on  the  Gunter's  Scale,  the  firft  repre¬ 
sents  the  Meridian  Line,  and  Degrees  of  Latitude  in  a  Merca¬ 
tor's  Chart ;  the  latter  the  Equator-Line,  and  Degrees  of 
Longitude, 


Thus 
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Thus  much  for  the  Ufe  of  Mercator’s-Chart,  Problems  of 
ailing  thereby  are  next ;  but  firft  fome  preparatory  Problems  m 

jeography. 

Section  II.  Some  neceffary  Geographic  Problems  ufeful  in 
Mercator’r-Sailing. 

"THESE  Problems  properly  belong  to  Geography,  but  are  ne- 
T  ceffary  in  failing  by  Mr.  Wright' s  (commonly  called  Merca- 
tor’s)  Chart,  and  for  that  Reafon  are  placed  here. 

Note,  That  all  the  Places  mentioned  in  this  Book,  their  Latitudes 
and  Longitudes  were  taken  from  a  Chart,  Intitled,  A  new  and 
Zatl  Chart ,  containing  the  Sea-Coafl  of  Europe,  Africa,  and 
America-  from  England  to  Cape  Bona  Efperance,  and  from 
Newfoundland  to  the  Straits  of  Magellan,  accord* ng^to  r. 

Edward  Wright’s  Projection,  and  Publfhcd  by  W.  and 
J.  Mount,  T.  Page,  and  Son,  on  lower-Htli. 

This  Chart  has  been  new  made,  and  lately  whe^‘n 

the  Longitude  of  Places  is  reckoned  from  R^“uiia"  ‘ rff  f  T 
don  agreeing  with  the  Mariner  s  Compafs  Rectified.  As  for  the 
D 5a  “Sent  that  may  be  found  between  it  and  Tables  of  Lati¬ 
tude  and  Longitude  in  other  Books,  ’t.s  not  to  be  regarded  ; 
becaufe  the  Tables  themfelves  conffderably  differ  one  from  ano¬ 
ther  the  Longitude  being  taken  from  different  Meridians,  or  dif¬ 
ferently  counted,  as  may  appear  by  the  following  Pr°blemi* 

ProbUm  I.  The  Latitudes  of  two  Places  given  ;  to  finS  their 

DlST  ffAe  two  Places  are  upon  the  fame  Side  of  the 
Equator,  that  is,  both  in  North  Latitude;  or  both  in  South  La- 
dmde ;  fubtraft  the  lefs  Latitude  from  the  greater,  the  Remainder 

"  Kon°efri»crbdeeon  on.  Sid.  of  th.  Equator,  and  the 

ither  Place  on  t’other  Side  ;  that  is,  one  Place  in  North  La  1 
ude,  the  other  in  South ;  add  the  two  Latitudes  together,  an 

he  Sum  is  the  Difference  of  Latitude.  .  ..j*  to 

Ohferve  x  If  a  Ship  fails  from  a  great  North  Latitude  to 

r  lefs{  fhe  fails  Southerly  ;  and  if  a  Ship  fails  from  a 1  left  North 
Latitude  to  a  greater,  fhe  fails  Northerly,  which  is  called  raffing 

the  Pole. 

2.  If 


F  A 


c. 
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2.  If  a  Ship  fails  from  a  great  South  Latitude  to  a  lefs,  fhe 
fails  Northerly  ;  but  if  fhe  fails  from  a  lefs  South  Latitude  to  a 
greater,  fhe  fails  Southerly. 

3.  When  a  Ship  croffes  the  Equator,  and  fails  from  North 
Latitude  into  South,  the  Difference  of  Latitude  is  Southerly  ;  or 
if  fhe  fails  from  South  Latitude  into  North,  fhe  fails  Northerly. 

Example  I.  1  demand  the  Difference  of  Latitude  between  the 
Lizard,  and  Iiland  Barbadoes. 

i uffi  }  {  =  &  g  }  Nor*, 

Their  Diff  of  Latitude  by  Subtradlion  is  36d.  59m.  equal  to 
2219  Minutes. 

Example  2.  To  find  the  Difference  of  Latitude  between  the  Ifland 
Barbadoes  and  Ifland  St.  Helena-Nova. 


Their  Diff.  of  Latitude  by  adding,  is  28d.  58m.  equal 
to  1738  Minutes.  > 

Problem  II.  The  Latitude  of  one  Place ,  and  the  Difference  of 
Latitude  between  that  and  another  Place  being  given,  to  find  the 
Latitude  of  the  latter  Place ,  or  Latitude  the  Ship  is  in  ? 

The  Rule. 

The  Latitude,  and  Difference  of  Latitude  given,  being  of 

?contrary}Nametheir  |  Diff.  (  is  the  Latitude  required. 

'  ‘  Or  thus,  in  two  Rules. 

Ruleu  In  \  gJjjJ  J'Lat.  failing  to  the  |  j  ward,  add 

the  Difference  of  Latitude  to  the  given  Latitude,  the  Sum  is  the 
latitude  required,'  of  the  fame  Name. 

Rule  2.  In  |  |  Lat.  failing  to  the  |  ^°“r*  j  ward,  fub- 

tracf  the  lefs  from  the  greater,  the  Remainder  is  the  required 

Latitude  of  the  fame  Name  with  the  greater. 

1  "  "  •'  ‘  *  Example 

*  : 4 
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v  A r  from  the  I  (land  Barbados!  North  E  aft  ward, 

irSfDjfeete  of  Latkude  L  jja  Leagues  ,  What  Latitude 

Latitude  is  - - - -  5*“'  ^onherly. 

The  Difference  of  Lat.  372  Leag.  or  i8d.  3em.  JNortheriy. 

Add,  is  the  Latitude  the  Ship  is  in  —  3ld-  34™-  North* 

Example  2.  From  the  Lizard  a  Ship  South  leftward, 
until  the  Difference  of  Latitude  be  137  Leagues , 

until  the  Difference  of  Latitude  be  419  Leagues, 

tudeis  the  Ship  in?  ,  .  ___  ,fi(l  nnm.  South. 

I.  St.  Helena,  Latitude  is  - - * -  1Da-  aum  --  ■ 


nod!  S7P-  Northerly. 


Latitude  the  Ship  is  in 


4d.  57m.  North. 


roblem  III.  Th,  Ungitui.  .ft™  P^g^n;  t.  find  thir 
Difference  of  Longitude. 

.  a  Ccording  to  the  old  Way  of  counting  the  Longitude,  The 

Subtraa'hetfi’ Longitude  from  the  greater,  the  Remainder 
if  than  180  Degrees) 

t  the  Remainder  e  .g  the  Difference  of  Longitude. 

l62 .^According  to  the  new  Way  of  counting  of  Longitude,  in 
he  ’Mariner’s  Compafe  fubtraa  the  lefs 

If  both  Lo"g‘‘^SReb=it“,h°‘ Difference  of  Longitude ; 

rorn  the  greater,  otter  Weft,  add  them  together,  and 

’hTsuT  (ff  u  exceed  no,  .*>  Degrees) is  the  D.feence^f 

is  the  Drffe.ence  of 

Longitude  required. 


Bxamplc 
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Example  I.  1  demand  the  Difference  of  Longitude ,  between  the 
Lizard  and  If  and  TenerifF,  one  of  the  Canary  lflands  ? 

d.  m. 

According  to  the  old  Account,  Long,  of  |  ]^fer'iff  o  oo 
Their  Difference  of  Longitude  by  Subtracting  is  - - -  q  42 

According  to  the  Mar.  Compafs,  Lon.  of  j  \'™cmriff  16  28 W. 

Their  Difference  of  Longitude  by  Subtraction  is  -  11  14W. 

Their  Difference  of  Longitude  between  thefe  two  Places,  are 
Very  different  in  feveral  Books,  therefore  all  in  this  Book  are 
taken  from  the  Chart  aforefaid,  or  from  the  Mariner's  Compafs 

Rectified. 

Example  2.  What’s  the  Difference  of  Longitude  between  the 
Lizard,  and  l.  Barbadoes? 

By  the  Mariner's  Compafs  Longit,  of  ^  ^Batbadoes  58d.  50m.  Wj 

Subtract,  is  the  Difference  of  Longitude - 53d.  36m. 

equal  to  3216  Minutes. 

Problem  IV.  Do  know  when  the  Difference  of  Longitude  between 
any  two  Places ,  is  Eafierly>  or  IVeflerly. 

I.  A  Ccording  to  the  old  Way  of  counting  the  Longitude,  the 
Rule  is  thus ; 

If  the  Remainder  (firft  found)  be  lefs  than  180  Degrees,  and 
you  are  bound  to  that  Place,  which  hath  (of  the  two)  the  greater 
Longitude,  then  is  the  Difference  of  Longitude  Eafterly  ;  but  if 
you  are  to  fail  to  the  lefs,  it’s  Wefterly  :  And  when  the  firft  Re¬ 
mainder  is  more  than  180  Degrees,  it’s  juft  the  contrary.  ■ 

2.  According  to  the  Mariner's  Compafs  Rectified,  The  Rule  is 
thus  *, 

When  the  Longitude  of  the  two  Places  are  both  Eaft  or  both 
Weft,  and  you  are  to  fail  to  the  greater  Longitude ;  then  the 
Difference  of  Longitude  is  (according  to  the  Name  of  the  Lon* 
gitude)  Eaft  or  Weft  :  But  if  bound  to  the  lefs  Longitude,  then 
is  the  Difference  of  Longitude  contrary,  that  is,  Weft  in  Eaft 
Longitude,  and  Eaft  in  Weft  Longitude  :  And  if  one  Place  lies 
in  Eaft  Longitude,  and  t’other  in  Weft,  the  Difference  of  Longi¬ 
tude  between  them,  is  according  to  the  Name  of  that  Longi¬ 
tude  you  are  bound  unto,  that  is,  Eaft,  if  to  Eaft  Longitude j 
and  Weft,  if  to  Weft  Longitude. 


Prob. 
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oblem  V.  The  Longitude  of  one  Place ,  and  the  Difference  of 
Longitude  between  that  and  another  Place ,  being  given  ;  to  find 
the  Longitude  of  the  lafi  Place ,  or  the  Longitude  the  Ship  is  in. 

A  Ccording  to  the  old  Way  of  counting  the  Longitude,  the 

^  Rules  are  thefe  following. 

Rule  i.  Sailing  to  the  Eaftward,  add  the  Longitude,  and  the 
ifference  of  Longitude  together,  the  Sum,  (but  if  it  exceeds 
30  Degrees  fubtrad  360  Degrees  therefrom,  the  Remainder)  is 
e  Longitude  the  Ship  is  in. 

Rule  2.  Sailing  to  the  Weftward,  Subtrad  the  Difference  of 
ongitude,  from  (but  if  the  Difference  of  Longitude  be  the 
reateft,  add  360  Degrees  to)  the  Longitude  of  the  firff  Place, 
e  Remainder  is  the  Longitude  the  Ship  is  in. 

2 dly.  According  to  the  new  Way  of  counting  the  Longitude  in 
lie  Mariner's  Cornpafs  ;  the  Rules  are  thefe  ; 

Rule  1.  In  Eaft  Longitude,  failing  to  the  Eaftward,  and  in 
veft  Longitude,  failing  Wefterly,  add,  gives  the  Longitude  the 
lip  is  in,  (if  it  exceeds  not  180  Degrees)  agreeing  with  the 
fame  of  the  firff  Place;  but  if  it  doth  exceed,  fubtrad  it  from 
60  Degrees,  the  Remainder  is  the  Longitude  the  Ship  is  in,  of 
contrary  Name  to  the  firff. 

Rule  2.  In  Eaft  Longitude,  failing  Wefterly,  and  in  Weft 
ongitude,  failing  Eafterly,  fubtrad,  gives  the  Longitude  the 
hip  is  in,  whofe  Name  agrees  with  the  greater. 

'xample  1.  Sailing  from  Barbadoes  North  Eafterly,  ’till  the 
Difference  of  Longitude  be  275  Leagues,  What  Longitude  is 
the  Ship  in  ?  d.  m. 

y  the  Mariner's  Cornpafs ,  Long,  of  the  I.  Barbadoes  is  58  50  W. 
'he  Difference  of  Longitude  is  275  Leagues,  or  - —  13  45  E. 

ubtrad,  gives  the  Longitude  the  Ship  is  in - 45  05  W. 

Example  2.  From  the  Lizards  Ship  fails  S.  Wefterly,  ’till  the 
)ifference  of  Long,  be  352  Leag.  What  Longitude  is  the  Ship  in  ? 

d.  m- 

iy  the  Mariner's  Cornpafs ,  Longitude  of  the  Lizard  is  05  14  Wa 

'lie  Difference  of  Longitude  is  352  Leagues - —  17.  26  W^ 

idd,  gives  the  Longitude  the  Ship  is  in - 22  50  VV . 

Thus  much  for  the  Preparation  to  Sailing  by  this  Chart,  the 
roblems  are  next. 

Sed, 
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Se£t.  III.  Containing  Problems  of  Sailing  by  Mr.  Wright’* 
Chart,  commonly  called  MercaioPs-Sailing. 

IN  the  Working  of  thefe  Problems,  a  Table  of  Meridiona 
Parts  is  necellary  ;  accordingly  out  of  Mr.  Wright's  Table, 
I  have  drawn  one  to  every  fifth  Minute  of  Latitude,  counting 
the  Meridional  Parts  in  Miles,  or  Minutes  of  the  Equator:  See 
pages  204,  and  305,  for  their  Ufe  ;  which  Tables  you  will  fine 
placed  before  the  Table  of  Logarithms,  whofe  Ufe  is  to  find  tht 
Meridional  Difference  of  Latitude,  between  any  two  given  La¬ 
titudes,  and  that  is  done  by  the  next  Problem. 

Problem  I.  To  find  *be  Meridional  Difference  of  Latitude ,  or 
the  Difference  of  Latitude  in  Meridional  Parts. 

Tl:e  Rule  is. 


The  Latitudes  of °  contrary  ^  Name,  the  j  }  cf  the 

Meridional  Parts,  (found  in  the  Table  of  Meridional  Parts)  an- 
fwering  to  the  Degrees  and  Minutes  of  each  Places  Latitude, 
the  Meridional  Difference  of  Latitude  required. 


Example  1.  Ifland  Barbadoes,  and  St.  Thomas,  an  Ijhnd  on  tht 
Coajl  of  Gabon  in  Africa;  What  is  the  Meridional  Difference  oj 
Latitude  ? 


Ifland 


C  Barbadoes  7  T  .  (  I2d.  58m.N. 
}  St.  Thomas  J  \  ood.  00m. 


Minurt  5 

^  Mer.  Pts.  |  g 


Meridional  Diffej^nce  of  Latitude - 

Example  2.  TheW^i)aJid  Ifland  Barbadoes; 

Meridional  difference  of  Latitude  ? 


- -  78c 

What  is  then 
Min 


Lizard 
I.  Barbadoes 


Latitude  | 


49d.  57m-l.  jj.  Merid.  Parts  \ 
1 2d.  58m. 3  t 


347C 

78^ 


Subtraft,  gives  the  Meridional  Difference  of  Latitude  - - 268^ 


Examph 
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Fxamole  Ifland  Barbadoes,  and  Ifland  St.  Helena  ;  What 
is  their  Meridional  Difference  of  Latitude  ? 


iviin. 

C  Barbadoes  )  r  .  J  I2d‘  j-Merid.  Parts  \  ^ 

^nd  {  St. Helena  J  L  tl6d-  00m‘  S-  *  *  9/3 

yd,  gives  the  Meridional  Difference  of  Latitude  *  175s 

’roblem  II.  The  Latitude  and  Longitude  of  two  Places  given  j  to 
find  the  Courfe  and  Dffance . 

Example.  What  is  the  Courfe  and  Diffanee  from  the  Lizard  to 
he  Ifland  Barbadoes  ? 


d,  m.  j.vxui»  ■  yj. 

trt }  Llt-  1  tt.fsN.  }  M'tr-  P“'  \  %  1 LOT'  1 

)iff  of  Lat. - 36.59 S.Mer.  DifF.  Lat.  26S5DifF.L0n.53.36W 

60  b0 


Min. 


d.  m. 


or  2219  Min. 


or  32 


[6  Min. 


This  Redangle  Triangle  ABC  {Plate  3.  Fig.  5.)  is  made  by 
Problem  X  3.  of  Practical  'Geometry ,  after  this  manner. 

1.  From  A  reprefen  ting  the  Place  failed  from,  lay  the  Meri¬ 
dional  Difference  of  Latitude  to  B.  , 

2.  Draw  BC  perpendicular  to  AB,  and  thereon  lay  the  In¬ 
ference  of  Longitude,  from  B  'to  C.  ,  .. 

2.  From  A  toC  (reprefenting  the  Place  the  Ship  is  bound  to, 
draw  a  Line,  which  concludes  the  Triangle  ABC,  Right-angled 
at  B,  whofe  Angle  BAC  meafured  on  the  Scale  of  Chords  or 
Rhumbs,  {hews  the  Courfe,  or  Bearing  of  the  two  Places. 

4.  Take  the  Difference  of  Latitude,  and  lay  it  on  the  Me¬ 
ridian,  from  A  to  D,  and  draw  a  Line  DE,  parallel  to  BC,  to 
cut  AC  in  E,  and  it’s  done:  For  if  A E  >e  meafured  on  the 
fame  Scale  AD  was  taken  from,  it  iliewetftthe  Diftance  between 

the  two  Places.  '  „  1  . 

But  to  refolve  it  by  Trigonometry ,  there^are  two  Re«angle 


j  1 


,1  , 
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Friangl&s  ABC,  and  ADE<;  in  the  former  you  muft  Note , 

j.  T)>1  Leg  AB,  is  the  Meridional  Difference  of  Latitude. 

2-  The  Leg  BC,  is  the  Difference  of  Longitude. 

3.  The  Angle  BAC,  is*the  Courfe  or  Bearing;. 

nTKa  A -ST  »nn  • 


4.  The  Angle  ACB,  isijjdie  Complement  of  the  Courfe. 

Secondly,  In  the  Reftangle  TriajSc  ADE. 

1.  The  Leg  AD  is  the  proper  Clarence  of  Latitude. 

2.  The  Hypotenufe  AE,  is  the  Diftance  of  the  two  Places. 

3.  The  Leg  DE,  is  the  Departure  from  the  Meridian. 

4*  f  he  Angle  DAE,  is  the  Courfe,  or  Bearing. 

5.  The  Angle  AED,  is  the  Complement  of  the  Courfe. 

Thefe  Things  being  premifed,  the  Proportions  according  to 

Axiom  r.  Note  2,  of  Plane  Right-Angled  Triangles,  are  as  fol- 
loweth : 

■  For  the  Courfe,  the  Proportion  by  Axiom  1.  Note  2d ,  is 
this :  7 

If  the  Leg  AB  is  made  Radius,  then  the  Leg  BC  is  the  Tan¬ 
gent  of  the  Angle  BAC,  and  therefore  it  is. 

As  the  Meridional  Difference  of  Latitude,  is  to  the  Radius; 
fo  is  the  Difference  of  Longitude,  to  the  Tangent  of  the  Courfe’ 
but  more  briefly  thus  : 

Mer,id-  ??  Lat‘  ”  Diff-  LonS*  :  :  Radius  -  T.  of  the  Cotfrfe. 
txJ*685  Minutes  ••  3216  Min.  :  :  T.45d. ..  T.  5od.  09m. 
Which  being  turned  into  Points  of  the  Compafs,  makes  the 
Courfe  to  be  SW\  half  W.  nearly. 

2.  To  find  the  Diftance,  the  Proportion  by  Axiom  1.  Note  1 
is  this ; 

Making  the  Hypotenufe  AE  Radius,  the  Leg  AD  is  the  Sine  of 
the  Angle  AED,  or  the  Sine  Complement  of  the  Courfe,  and 
therefore  it  is. 


As  the  Sine  Complement  of  the  Courfe,  is  to  the  proper  Diffe¬ 
rence  of  Latitude  ;  fo  is  the  Radius  to  the  Diftance  in  the  Rhumb, 
Or  more  briefly  thus ;  ’ 

S.  c.  Courfe  ••  Dift.  Lat.  :  :  Radius  ••  Diftance  required. 

S.  39<f.  51m.  22i9Min. :  :  S.  qod.  ••  3463  Minutes. 

Note,  Fhe  Meridional  Difference  of  Latitude  may  be  found  by 
the  Gunter  s-Scale,  thus; 

Extend  the  Coropaffes  from  the  Latitude  of  4od.  57m.  (on 
the  Meridional- line)  to  the  Latitude  rad.  58m.  on  the  fame 

Line;, 
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ine  •  that  Extent  meafured  on  the  Line  of  equal  Parts  will  be 
4-vid.  or  2685  Minutes,  the  Meridional  Difference  of  Latitude, 
rhich  is  the  fame  as  by  the  Table. 

'roblem  III.  Both  Latitudes  and  Courfe  given ;  to  find  the  Diftance , 
and  Difference  of  Longitude , 

Examp.  A  Ship  fails  from  the  Lizard,  and  makes  her  Courfe 
when  Variation,  Lee-way,  &c.  are  allowed  for)  to  be  S.  39d, 
At  or  SW.  by  S.  \  W.  and  then  by  Obfervation,  is  in  Latitude 
cd  ?rm  N  I  'demand  the  Diftance  run,  and  the  Longitude 
he  is  inf’  d.  m.  Minutes 

jjzLi. }  utitudeiUiE}  Mf*!ional  Parts 

Difference  of  Lat.  4  26  Mer-  Diff.  Lat*  396 


Or 


266  Minutes. 


To  delineate  this,  or  any  of  the  feven  next  Problems,  by  the 
lane  Scale,  as  alfo  their  Reflations  by  Plane  Trigonometry, 
re  Direftions  and  Notes  in  the  foregoing  Problem  may  be  fuf- 
cient  Inftrudions,  and  therefore  they  are  omitted  till  I  come  to 

roblem^ io^d  ^  DiftancCj  the  Proportion  fas  in  Plane  Sailing) 

!  S.'ci  Courfe  ••  Diff.  Lat.  :  :  Radius  ••  Diftance 

S.  5  rd.  00m.  ••  266  Min.  :  :  S.  qod.  "  342  Minutes. 

2.  To  find  the  Difference  of  Longitude ,  the  Proportion  is 

11  Radius  -T.Courfe  ::  Merid.  Diff.  Lat.  "Diff.  of  Long, 

Tud  "T  2od.  ::  206  Minutes  ••  320 TS  Min.  or  5d.  2 im, 

Irthu-,  the  Extent  on  the  Meridional  Line  (on  the  Gunter) 
rom  Latitude  4Qd.  57m.  to  Latitude  45d.  3im.  meafured  on 
he  Line  of  equal  Parts,  is  fid.  if  the  Meridional  Difference  of 
Latitude;  and  then  you  may  fay,  .  ^ 

T.  45d.  ••  T.  39d.  :  :  6d.  il.  ••  S&-  7 «•  or  Sd'  2lm‘  tb* 

Difference  of  Longitude,  as  is  found  above. 

3.  Then  to  find  the  Longitude  the  Ship  is  in,  tis  thus. 

Longitude  failed  from - - -  #  Hra-  gj#- 

Difference  of  Longitude  321  Minutes,  or  5d-  2Im> 


Ldngitude  the  Ship  is  in 


rod.  35m. 


Weft. 

Prohr 
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Problem  IV.  Both  Latitudes  and  Dijlance  given  ;  to  find  the. 
Courfe,  and  Difference  of  Longitude. 

Example.  If  a  Ship  rnnneth  300  Minutes  North  Weft  ward, 
from  a  Port  in  Lat.  3yd.  N.  and  Longitude  rod.  25m.  W.  until 
fhe  be  in  Latitude  41  Degrees  North:  I  demand  the  Courfe 
fleered,  and  what  Longitude  fhe  is  in  ? 

1  *—  1  M  Ji 

Difference  of  Latitude  4  North,  Merid.  Diff.  Latit.  309 

60 _  d 

Or  240  Minutes. 

1.  To  find  the  Courfe,  the  Proportion  (as  in  Cafe  the  4th  of 
Plane  Sailing)  is  thus ; 

Diftance  ••  Radius  :  :  DifF.  Lat.  ••  S.  c.  Courfe. 

30oMin.  "S.  9od.  240  Min.  ••  S.  53d.  08m.  Which 

fubtraft  from  — ■ — — - - -  god.  00m. 

Remainder  is  the  Courfe  — — - 36c!.  52m.  North 

Wefterly  3  |  Points  of  the  Compaft,  which  makes  the  Courfe 
to  be  NW.  by  N.  -t  W.  neareft. 

2.  To  find  the  DifF.  of  .Longitude,  the  Proportion  is  thus  ; 
Radius  <•  T.  Courfe  ::  Merid.  DifF.  Lat.  ••  Difference  Long. 
T-45d. ..  T.36d.  52m. ::  309  Minutes  ••  232  Min.  or  3d.  52m. 

Or  thus,  the  Extent  (on  the  Meridional  Line  on  the  Gunter) 
from  Latitude  37d.  to  Latitude  4 id.  meafured  on  Equal  Bartsy 
is  ' 5<i.  iom.  Meridional  Difference  of.  Latitude.  Then  fay, 
T.  45d.  ••  T.  36d.  52m. :  :  5d.  ••  3d.  88  Parts  of  100,  or 

3d.  52m.  the  Difference  of  Longitude  as  before. 

Longitude  failed  from - - rod.  25m.  Weft 

Difference  of  Longitude,  is  232  Minutes  or  3d.  52m.  Weft 

Longitude  the  Ship  is  in - - -  i4d.  17m.  Weft 

Problem  V .  Both  Latitudes  and  Departure  from  the  Meridian 
given  \  to  find  the  Courfe,  Dijlance  and  Difference  of  Longitude . 

Example.  A  Ship  in  Latitude  49d.  57m.  North,  and  Longi¬ 
tude  5d.  14m,  Weft,  fails  South  Wdtward,  till  her  Departure 
is  789  Minutes,  and  by  Obfervat'ion  is  in  Latitude  3gd»  20111- 
North  :  I  demand  the  Courfe  fleered,  Diftance  failed  by  tfie  Log, 
and  what  Longitude  the  Ship  is  in  ? 


The 


eft.  IV. 


Mercator  V&rz7r>£. 


97 


1 .  The  Proportion  for  the  Courfe  and  Diftance,  are  the  fame 
i  in  Chapter  3.  Seftion  3.  Problem  6.  of  Plane- Sailing,  in  Page 
3.  to  which  I  refer  you,  and  here  omit  them. 

2.  To  find  the  Difference  of  Longitude,  the  Proportion  is ; 
,at  i  Departed  49d.  57m.  N.  )  Merid  Pts.  5  347°  l  Min. 

I  Ship  is  in.39d.  20m.  N.  J  r  257T  ’ 

)iffer.  of  Latit.  rod.  37m.  Met.  DifF.  Lac.  899  Min. 

60 

Or,  637  Minutes.  Then  you  may  fay, 

.s  Diff.  Lat.  ••  Departure  :  :  Merid.  Diff.  Lat.  ••  D iff.  Longit. 
s  637  min.  "  789  Min.  :  :  899  Min.*-  1 114m.  or  i8d.  34m* 
Or  thus;  The  Extent  (on  the  Meridional  Line  on  the  Gunter) 
om  Latitude  49d.  57m.  to  Latitude  39^*  20m-  nreafured  on 
ie  Line  of  equal  Parts)  is  1 5<J.  the  Meridional  Difference  of  La- 
tude  :  And  then  fay. 

As  637  Minutes  ••  789  Min.  :  :  158.  ••  18.55  hundredths  or 
i8d.  33m.  the  Difference  of  Longitude,  nearly  as  before. 

3.  Then,  to  find  the  Longitude  the  Ship  is  in,  ’tis  thus; 

ongitude  failed  from  - —  - -  5^*  I4m*  V/’eft. 

ifferenceof  Longitude  ni4Min.  or - i8d.  34m.  Wet. 


ongitude  the  Ship  is  in 


23d.  48m.  Weft. 


■ 


roblem  VI.  One  Latitude,  Courfe ,  and  Diftance  given  ;  tofnd 
the  Difference  of  Latitude ,  and  Difference  of  Longitude. 

* 

Example.  A  Ship  in  Latitude  42d  30m.  ^ort^  ar,d  Longi- 
ide  i8d.  31m.  Weft,  fails  SE.  by  S.  591  Minutes,  or  IQ? 
eagues:  I  demand  the  Latitude,  and  Longitude  the  Ship  is  in? 

x.  For  the  Difference  of  Latitude,  the  Proportion  (by  the  \Jl 
fe  of  Plane  Sailing ,  in  Page  60)  is  thus  : 


s  Radius  Diftance  :  :  S.-c.  Courfe  •• 
hs  S.  8  Points  *  591  Min.  :  :  S.  5  Pts.  •• 

atitude  failed  from  - -  4?.d.  30m.  N. 

hff.  Lat.  ,*r9x  Min.  or* —  8d.  1  im.  S. 


Difference  of  Latitude. 
491.4  Min.  or  8d.  nm. 
Merid.  Parts  2822m. 


atitude  the  Ship  is  in  —  34d.  19m.  N.  Merid.  Parts  2195m. 

ibtraift,  srveth  the  Meridional  Differi-nce  of  Latitude  6270?. 
Or  :hu  Fhe  Extent  (on  the  vleridional  Line  on  t  ic  Cun- 
r)  from  Latitude  4 2d.  3cm.  to  Latitude  34d.  I9m'  nieafureii 

G  on 


W 


98 


Mercator’j-  Sailing. 


Chap.  IV. 


on  the  Line  of  equal  Parts  is  jod.  ro  °r  iod.  Meri¬ 

dional  Difference  of  [  latitude. 

2  To  find  the  D.ffcrence  of  Longitude,  the  Proportion  is,  » 
As  Radius  ••  T.  Courf'e  :  :  Mend.  Diff.  Lat  ••  Differ  Longitude. 
AsT.4Pts.  " 'LaPoints  :  ;  627  Minutes  ••  419m.  or  6d.  59m. 
Or  thus  ; 

As  T  4Pt  ••  T.3P1S.  :  :  ted.  -,l  •  6d.  59m.  Diff.  Long,  as  before. 

Longitude  failed  from - i8d.  3im.  Weft. 

■  Diff.  Long.  419  Minutes,  or  - - - o6d.  59m.  Laft. 


•  .  Longitude  the  Ship  is  m  - 


-  1  id.  32m.  Weft, 


Problem  VII.  One  latitude,  Courfe,  and  Departure  given ,  to 
find  the  Di/lance,  Difference  of  Latitude,  and  Difference  of 
Longitude. 


Example.  A  Ship  fails  E.S.E.  from  a  certain  Port  in  Latitude 
cod.  10m.  South,  and  Longitude  iod.  16m.  Eaft,  until  the 
Departure  from  the  Meridian  he  957  Minutes  :  I  demand  her 
Dift&ce  failed,  the  Latitude  and  Longitude  fhe  is  in  ? 


1.  The  Diftance  is  1035?  Min<  by  Chapter  2.  Seaion  3. 

2.  The  Diff.  of  Lat.  396.4  f  . 

Problem  3.  of  Plane- Sailing,  in  Page  61.  Then- the  Latitude 
the  Ship  is  in,  and  the  Meridional  Difference  of  Latitu  e,  is 
found  thus:  n  Min’ 

Latitude  failed  from  5od.  icm.  South,  Merid.  I  arts  349° 
Diff.  Latitude  396m.  or  6d.  36m-  S. 


Latitude  Ship  is  in - jj6d.  46m.  S.  Meridional  Parts  4*57 


Subtract,  giveth  the  Meridional  Difference  of  Latitude  —  667 


3.  To  find  the  Difference  of  Longitude ,  the  Proportion  is. 

As  Diff.  Lat.  :*  Departure  :  :  Merid.  Diff.  Lat.  ••  Dift.  of  Long. 
AS396  4^in.'«,Q57  Min.  :  :  667  Min.  ••  1610m.  or  26d.  50m. 

Or  thusj  the  Extent  (on  the  Meridional  Line  on  the  Gunter) 
from  Latitjpe  5od.  10m.  to  Latitude  s6d.  46m.  meafured  on 
(Wi¬ 


the  Line 


I  id.  t3  the  Merid.  Dift.  of  Lat. 


’  Equal  Parts ;  is 
Then  fay. 

As  396.4  Min.  ••  957  Min.  :  :  1 1  -rs  ••  26d.  50m.the  Diff. Lon. 
Then  to  find  the  Longitude  the  Ship  is  in,  it’s  thus  : 

Longitude  failed  from - — — -  *od.  16m.  Eaft. 

Difference  of  Longitude  1610  Min.  or  — ■■■  26d.  5cm‘  ^aft- 


Longitude  the  Ship  is  in 


— — —  37c!.  06m. 
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-ob.  VIII.  One  Latitude ,  Dijlance  fail’d,  and  Departure  from 
the  Meridian  given,  to  find  the  Courfe ,  Difference  of  Latitude , 
and  Difference  of  Longitude . 

Example.  A  Ship  in  Latitude  49d.  30m.  North,  and  Lon- 
tude  I4d.  40m.  Weft,  fails  South  Eaftward  645  Minutes, 
itil  the  Departure  from  the  Meridian  be  500  Minutes:  I  de- 
and  the  Courfe  fleered,  the  Latitude,  and  Longitude  the  Ship 
in  ? 

1.  The  Courfe  is  S.  5od.  50m.  E.  or  SE.  \  E.  )  ,  r,  .  „ 

2.  ’The  Diff.  of  Lat.  ^07  min.  or  6d.  47  min.  S  ^ 

Rion  3.  Problem  5.  of  Plane-Sailing,  in  Page  62  and  63. 
hen  the  Latitude  the  Ship  is  in,  and  the  Meridional  Difference 
Latitude,  is  found  thus  ;  Min. 

Latitude  failed  from - 49d.  30m.  N.  Merid.  Parts  3428 

Diff.  Lat.  407  min.  or  —  6d.  47m.  S. 

ititude  the  Ship  is  in -  42d.  43m.  N.  Merid.  Parts  2840 

Meridional  Difference  of  Latitude  ^588 

3.  To  find  the  Difference  of  Longitude,  the  Proportion  is  ; 

;  Diff.  Lat.  ••  Depart.  :  :  Merid.  Diff.  Lat.  ••  Diff.  of  Long. 

;  407  min.  7  500  m.:  :588  mm  ••  722.4  min.  or  i2d.  02m. 
Or  thus ;  The  Extent  (on  the  Meridional-line  on  the  Gunter) 
mi  Latitude  498.  30m.  to  Latitude  42d.  43m.  (meafured  on 
ual  Pam)  is  9d.  the  Meridional  Difference  of  Latitude  : 
hen  fay. 

As  407  min.  ..  500  min.  :  :  9d.  ••  I2d.  2m.  the  Diff.  Long. 

Then,  to  find  the  Longitude  the  Ship  is  in,  ’us  thus ; 

Longitude  failed  from - I4d.  4cm.  Weft. 

Diff.  Longit.  722.4  Minutes,  or  - -  i2d.  02m.  Eaft. 


Longitude  the  Ship  is  in 


2d.  38m.  Weft. 


>blem  IX.  One  Latitude,  Courfe ,  and  Difference  of  Longitude 
given ,  to  find  the  Dijlance ,  and  Difference  of  Latitude . 

Example.  A  Ship  fails  SW.  by  W.  from  the  Lizard,  until  fhe 
in  Longitude  57c!.  26m.  Weft.  I  demand  the  Latitude  the 
p  is  in,  and  her  Diftance  fail'd  ? 

Longitude  failed  from  - - 5^*  J4rn-  Weft. 

Longitude  the  Ship  is  in  - -  57^*  2^)ru.  Weft; 

jtradt,  and  Remainder '13  the  Diff.  Long.  52d.  12m.  Weft. 

•60  _ 

Or  3132  Minutes. 

G  2  1.  F©r 


-W.  ^53 
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1.  For  the  Mer.  Difference  of  I  atitude,  the  Proportion  ma 

be  thus  ;  .  ,  r  T 

As  T.  Courfe  ..  Radius  :  :  Differ.  Long.  ..  Mer.  DifF.  of  Lat 
As  T.  5  Pts.  ..  T.4Pts. :  :  3132  Minutes  ..  2093  Minutes. 
Lat.  failed  from  49d.  57m.  its  Merid.  Parts  —  347°  fabtraft 
aiveth  the  Mer.  Pts.  for  the  Lat.  the  Ship  is  in  1377  which  feek  i 
the  Table  of  Meridional  Parts  ;  and  againft  it  you  will  find  22d 
22m.  the  Latitude  the  Ship  is  in  North. 

Or  thus,  on  the  Gunter-,  take  the  Meridional  Difference 
Latitude,  being  2093  Minutes,  or  34d.  53m.  from  the  Line  c 
equal  Parts,  and  fet  it  from  the  Latitude  departed  from,  viz.  49c 
57m.  on  the  Meridional  Line  decreafing  (becaufe  ’tis  North  La 
titude,  and  failing  Southerly)  and  it  reacheth  (in  the  fame  Line 
to  22d.  20m.  the  Latitude  the  Ship  is  in,  very  near  to  the  Lati 
tude  found  above  by  the  Table  of  Meridional  Parts,  differing  froi 

it  but  2  Minutes.  _ 

Then  having  both  Latitudes  known,  the  Difference  of  Lati 
tude  is  found  (by  fubtradfing  the  lefs  from  the  greater)  to  be  271 
35m.  or  1655  Minutes,  or  551  \  Leagues. 

2.  Find  the  Diffance  failed  by  Chapter  3.  Sedfion  3.  Probler 
or  Cafe  2.  of  Plane-Sailing,  in  page  6i. 


Problem  X.  Two  Places  in  one  Parallel ,  or  Latitude ,  their  Diff 
re  nee  of  Longitude  given  ;  to  find  their  D  jlance.  % 


Example.  I  demand  the  Diffance  between  the  Lizard  ar 
Penowm  Ijland  on  Newfoundland  ? 

Pengwin  Ijland  Mon  it>  is  5  5*<j-  5©™.  Weft 
Lizard  5  b  X  5d.  14m.  Vveit 


SubtradL  and  Remainder  is  Diff.  Long. 

Or, 


4yd.  36m.  Wefl 
60 


Difference  of  Long.  2856'Minutes. 
Thefe  Places  are  both  (fuppofed  to  lie)  in  Latitude  5cd.  cor 
North,  whofe  Complement  is  4od.  ocm. 


To  delineate  this  Problem  by  the  Plane  Scale. 


T.  Draw  the  prick'd  Arc  BC,  with  the  Sine  of  90  Degret 
one  Foot  bring  on  the  Center  A. 

2.  Lay  the  D.ffference  of  Longitude  on  that  Arc,  from  B  to1 
and  diaw  the  Lines  A13,  AC,  and  BC. 


W: 
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3.  With  the  S'ne  Com- 
lement  of  the  Latitude  and 
ne  Foot  in  A,  draw  the 
Vrc  DE;  that  is,  take  the 
Complement  of  the  Lati- 
ude  from  the  Line  of  Sines, 
md  with  one  Foot  on  A, 
Iraw  the  prick’d  Arc  DE, 
o  cut  AB  in  D,  and  AC  in 

jj^ 

4.  Draw .  a  Line  from  D 
o  E.  and  ’tis  done  ;  for 
D  E  being  meafured  on  the 
ame  Scale  BC  was  taken 
from,  will  fhew  the  Diflance 
Required. 


.  ^  The  Puncl  ^ 
•  ^  The  Arc  j 


1} 


D 
E 

B  C 

DE 

r  ADB 

r .  V  AEG 
The  Line  a  vn 


<D 

^2 


The  Explanation  of  the  Scheme. 

A  S  f  North  Pole  of  the  Earth. 

Lizard.  J  in  the  Latitude  <51 
Pcngwin  If.c.  3  50<^- 

„  Equator. 

V  e  <  Parallel*  of  50J.  N.  Latitude. 

?  ‘S  -  (  The  Lizard. 

jj,  Meridian  of  j  pe„gw;„  If  and. 

<  BC  "  DifF.  Long,  between  the  2  Place?. 
£  DE  Dili.  between  them  in  that  Parallel. 

Then  to  find  their  Difiance  ;  the  Proportion,  by  the  4th  Prc- 

ofition  of  the  fixth  Book  of  Euclid ,  is. 

As  AB,  is  to  BC  ;  fo  is  AD,  to  DE.  And  alternately, 

As  AB,  is  to  AD  ;  fo  is  BC,  to  DE.  1  hat T, 

As  Radius,  is  to  the  Sine  Complement  of  the  Latitude  ;  fo  1- 
he  Difference  of  Longitude,  to  their  Difiance  in  t  nit  ara  ic  j 

latitude.  In  fliort  thus  ;  IYflon^- 

As  Radius  ..  S.  c.  Latitude  ::  Diff.  Long.  ••  D'fiance. 

As  S.  god.  ..  S.-40d.  com.  ::  2856  Min.  ..  1836  Min, 


if 


i  7;  if  j? 


|.F'- 


!| 

J  ;■•<  I 
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'  Or  thus  ;  By  the  Plane  Scale . 

Take  the  Latitude  of  5od.  oom.  from  the  Scale  of  Chords, 
and  meafure  it  from  60  on  the  Scale  of  Miles  of  Longitude, 
marked  (ML)  and  it  fheweth  Minutes  38.6  Tenths  makes  a  De¬ 
gree  of  Longitude  in  that  Latitude.  Then  fay. 

As  1  Deg.  ..  Min.  38.6  :  :  DifF.  Long.  47d.  ..  1836  Mi¬ 

nutes,  the  Diftance  as  before. 

Problem  XI.  Two  Places  in  one  Latitude ,  their  Dijlance  given  $ 
to  find  their  Difference  of  Longitude. 

Example.  If  a  Ship  fails  Weft  390  Minutes  from  the  Lizard ; 
What  Longitude  is  fhe  in  ? 

To  delineate  this  Problem  by  the  Plane  Scale. 

1.  Take  90  Degrees  from  the  Line  of  Sines,  and  with  one 
Foot  on  A,  draw  the  prick’d  Arc  BC. 

2.  From  the  Line  of  Sines,  take  the  Complement  of  the  given 
Latitude,  and  fetting  one  Foot  ©n  A,  draw  the  prick’d  Arc 

DE. 

3.  Then  from  any  Scale  of  equal  Parts,  take  the  Diftance 
(fail’d)  and  lay  it  on  the  laft  Arc,  from  D  to  E. 

4.  From  A  draw  Lines  through  D  and  E,  to  cut  the  Arc  BC, 
in  B,  and  in  C. 

5.  Then  draw  a  Line  from  B  to  C,  and  ’tis  done;  for  BC 
being  meafured  on  the  fame  Scale  DE  was  taken  from,  will  ftiew 
the  Difference  of  Longitude  required. 

The  Proportion  (by  the  4th  Propofition  of  the  6th  Book  of 
Euclid)  for  the  Difference  of  Longitude,  is. 

As  S.  c.  Latitude  •.  Radius  :  ;  Diftance  ..  Difference  of  Long. 

As  S.  4cd.  03m.  ..  S.  9cd.  :  ;  390mm.  ..  606.1m.  oriod.  06m. 
Or  thus  ;  By  the  Plane  Scale. 

The  Latitude  496.  57m.  taken  (from  the  Chords)  and  mea¬ 
fured  on  the  Scale  of  Miles  of  Longitude,  fheweth  the  Minutes 
38. 6  Tenths  makes  a  Degree  of  Longitude  in  that  Latitude ; 
Then  fay, 

As  Min.  38.6  Tenths  ..  id.  :  :  390  min.  ...  iod.  -^or  lod.  c6m. 
Dift.  Long,  the  fame  as  before. 

Longitude  of  the  Lizard - — - 03d.  14m.  Weft. 

Difference  of  Longitude  606  t£. min.  or  *—  iod.  06m.  Weft. 


^  '  — - .  ';<afhfv  f 

Add,  gives  the  Longitude  the  Ship  is  in  -  13d.  20m. 


Weft. 

Prob, 
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Voblemn  XII.  Two  Places  in  one  Parallel  of  Latitude ,  their  Di- 
' fiance,  and  Difference  of  Longitude  given,  to  find  the  Parallel 

of  Latitude. 

Example.  Suppofe  two  Ships  in  the  Equator  2842  Minutes 
funder ,  and  they  both  fail  North  like  D fiance,  till  there  are  but 
1833  Minutes  af under  :  1  demand  what  Latitude  they  are  now 
•n?  ' 

To  delineate  this  Problem  by  the  Plane- Scale. 

1.  Draw  the  prick’d  Arc 
BC,  (with  the  Sine  of  90  De¬ 
crees,  one  foot  being  on  the 
Ce;rt,er  A)  to  cut  the  Lines  AB 
[in  B. 

2.  On  B  eretft  the  prick’d 


gitude  from  B  to  c. 

3.  Draw  the  prick’d  Line 
AC. 

4.  Then  with  the  Diftance 
in  the  Parallel,  and  one  Foot 
in  the  prick’d  Line  A  c,  mo¬ 
ped  upon  that  Line,  ’till  the 
jother  Foot  turned  about,  will 
but  juft  touch  the  Line  AB, 

[and  where  the  former  Foot 
irefteth,  which  is  at  e,  there  ft  ay  it. 

5.  Take  the  neareft  Diftance  trom  e,  to  the  prick’d  LineB  c, 
and  lav  that  Diftance  on  the  Line  AB,  from  B  to  D,  and  draw 
the  prick’d  Line  D  e. 

6.  Lay  the  Difference  of  Longitude  on  the  prick’d  Arc, 

made  with  the  Sine  of  90  Degrees,  from  B  to  C,  and  draw  the 
Line  A  C  ;  alfo  with  the  Diftance  A  D,  and  one  Foot  on  A, 
[draw  the  prick’d  Arc  DE,  to  cut  AC  in  E;  likewile  draw 
Lines  from  B  to  C,  and  from  I)  to  L,  and  '  t  is  done:  for  AD, 

or  AE  meafured  on  the  Scale  of  Sines,  will  ftrevv  tire  Comple¬ 

ment  of  the  Latitude  requited. 

Note-,  If  B  c  he  equal  to  BC  and  D  e  equal  to  DE,  tis 

done  true,  *otherwife  not ;  as  the  prick’d  Arcs  c  C,  and  e  L 

manifeft. 

G  4 


Perpendicular  B  c,  and  there¬ 
on  lay  the  Difference  of  Lon 


q  Sfod 


104  Sailing  by  Middle  Latitude.  Chap.  IV. 

To  find  the  Latitude  (by  the  aforefaid  Propofition  cf  Euclid ) 
the  Proportion  is  thus ; 

As  Diff.  Long.  ..  Diftance  :  :  Radius  ..  S.  c.  Latit.  required 
As  2842  Min.  ••  1833  min.:  :  S.  9od.  ..  S.  4od.  10m. 
Which  fubtraded  from  - - -  god.  00m. 

The  Remainder  is  the  Parallel  of  Latitude —  49d*  50m-  North. 
Or  thus  ;  By  the  Plane  Scale. 

As  2842  min.  ..  1833  min.  :  :  60  min.  ..  min.  38.7  Tenths^ 
making  one  Degree  of  Longitude,  in  the  Latitude  required. 

Th'en  from  the  Scale  of  Miles  of  Longitude  (marked  ML) 
take  Min.  38.7  Tenths,  meafure  it  on  the  Scale  of  Chords,  and 

it  flieweth  the  Latitude  to  be  49d.  50m.  as  before. 

Se£lion  IV.  Problems  of  Sailing  by  the  Middle  Latitud;  ;  or  a 
Proportion  drawn  from  the  Middle  Latitude ,  nearly  agreeing 
with  Mercator  s*Sai!ing. 

IN  thefe  Problems,  there  is  no  Ufe  made  of  the  Table  of  Me¬ 
ridional  Parts,  and  all  its  Proportions  may  be  wrought  both  by 
the  Logarithms,  and  Gunter's- Scale. 


Problem  I  The  Latitude  and  Longitude  of  two  Places  given ;  to) 
find  their  Courfe  and  Difiance. 

Example.  What  is  the  Courfe  and  Diftance  from  the  Lizard 
to  the  Iflaod  Barbadoes ; 


Lizard  j  Lat. 
Barbadoes  ) 


d.  m. 

49  57  JJ. 
12  58  N. 


d.  m. 

49  57 
12  58 


d.  m.  . 

?  5  1 4  w.l 
£  58  50W. 


Difference  Latitude  36  59  S.  Sum  is  62  55  Diff.  Long.  53  3^1 

60  Mid.  Lat.  31  27  _ 

Minutes  '22  IQ  fubt.  it  from  90  00  or  3216  min.  j 

Comp.  Mid.  Lat.  58  33 


To  delineate  this  Problem  by  the  Plane-Scale.  Plate  3.  Fig  6.  j 
1  Make  AD  upon  the  Meridian  equal  to  the  Diffeienc^  orj 

LT  Dmw  the  prick’d  Arc  IK,  with  the  Sine  of  90  Degrees; 
fnne  Foot  beina  on  A)  to  cut  the  Meridian  AD  in  I. 

9  With  the^Sine  Complement  of  the  Middle  Latitude,  and  onel 

Foot  on  A,  draw  the  prick’d  Ate  GH,  to  cut  the  Meridian  ,nG. 


— 
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4  On  the  laft  Arc,  lay  half  the  Difference  of  Latitude, 

om  G  to  H.  ,  r  n  .  .  . 

5  By  A  and  H,  draw  a  Line,  to  cut  the  hrft  Arc  (made 

y,th  the  Sine  of  90  Degrees)  in  K. 

6.  Lay  IK.  twice  on  the  Meridian,  from  A  to  B. 

7*  On  Bereft  a  Perpendicular,  and  thereon  lay  the  Difference 
,f  Longitude,  from  B  to  C. 

8.  Draw  a  Line  from  A  to  C;  and  from  D,  draw  D  E  pa- 
allel  to  BC,  and  cut  AC  i.n  E,  and  it’s  done.  Plate  3.  Fig.  6. 
Then  is  the  Leg  AD,  the  Difference  of  Latitude. 

The  Leg  BC,  the  Difference  of  Longitude. 

The  Hypotenufe  AE,  the  Diftance  of  the  two  Places. 

The  Leg  DE,  the  Departure,  according  to  the  Plane-Chart. 
The  Angle  DAE,  or  B  A  C,  the  Angle  of  the  Courfe  or 

3earing.  ^  „  _ 

The  Angle  AED,  the  Complement  of  the  Courfe. 

1.  To  find  the  Cougfe,  or  Bearing,  the  Proportion  is; 

As  the  Difference  of  Latitude,  is  to  the  Difference  of  Longi¬ 
tude;  fo  is  the  Sine  Complement  of  the  middle  Latitude,  to  the 
T  angent  of  the  Courfe,  or  more  briefly  thus  : 

AsDiff.  Lat.  ..  Diff.  Long.  :  :  S.  c.  Mid.  Lat.  ..  T.  Courfe. 
lAs  2219  min. ..  3216  min.  :  :  S.  58d.  33m.  ..  T.  5 1 <J-  02m. 

By  Gunter.  The  Extent  from  2219  Minutes  to  3216  Mi¬ 
nutes  on  the  Line  ofi Numbers ,  being  laid  (increaftng)  from  Sine 
jffld  33m.  reacheth  beyond  the  Sine  of  god.  wherefore  lay  that 
Extent  from  the  Sine  of  90  Degrees  towaids  the  Left-hand,  and 
bay  one  Foot  there,  then  bring  in  the  other  Foot  to  the  SineCom- 
blement  of  the  Middle  Latitude  58b.  33m.  This  laft  Extent  of 
the  Compaffes,  lay  from  Tangent  45  Degrees,  and  it  fheweth 
ion  Tangents  5 id.  C2m.  the  Courfe  South  Welterly,  orSW.  half 
W.  whTch  is  the  Courfe;  from  the  Lizard  to  the  Iflaod  Barbadoes. 

Or  thus  ;  by  two  Proportions  to  find  the  Courfe. 

Firft,  As  the  Radius,  is  to  the  Sine  Complement  of  the  Mid¬ 
tie  Latitude  ;  fo  is  the  Difference  of  Longitude,  to  the  Departure 
rom  the  Meridian,  or  Meridional  Diftance. 

More  briefly  thus ; 

As  Radius  ..  S.  c.  Middle  Lat.  :  :  Diff.  Long.  ..  Departure. 
As  S.  90d.  ••  S.  58d  33mm.  :  :  3216  Min.  ..2744min. 
Secondly,  As  the  Difference  of  Latitude,  is  to  the  Departure 
roin  the  Meridian  5  fo  is  the  Radius,  to  the  Tangent  of  the 
.murfe. 
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Or  more  briefly  thus ; 

As  DifF.  Lat.  ..  Departure  :  :  Radius  ..  T.  Courfe. 

As2«9  min. ..  2744 min. :  :T.  43d. ..  T.  5 id.  02m.  as  before. 

2.  To  find  theDiftance,  the  Proportion  is, 

As  S.  c.  Courfe  ,.  DifF.  Lat.  :  :  Radius  ..  Diftance  required. 

As  S.  38d.  58m. ..  2219  min.:  :  S.  god.  ..  3528  Minutes. 


Problem  II.  Both  Latitudes  and  Courfe  given ;  to  find  the  Difiance , 
and  Difference  of  Longitude. 

Example.  Suppofe  a  Ship  fails  from  the  Lizard ,  and  makes 
(when  Variation,  Lee-way,  Gfc.  allowed  for)  her  Courfe  South 
39d.  Weft,  or  SW  by  S  \  W.  and  then  by  Obfervation,  is  in 
Latitude  45d.  31m.  North;  what’s  her  Diftance  run,  and  Lon¬ 
gitude  file  is  in  ? 

Lizard  \  ,  .  ,  f  4gd.  57m.  North - 49  ten 

Obfcrved  \  La,ltulle  UjdJin^Norlh  _ . _ 45  fi 

Difference  of  Latitude  4d.  26m.  Sum  both  Latitude  95  88 

60  The  half  is  Mid.  Lat.  47  44 
Or,  Minutes  266  which  fubtraft  from  90  00 

The  Remainder  is  Compl.  of  the  Middle  Latitude -  42^16 

To  delineate  this,  or  any  of  the  following  Problems ,  by  the 
Plane  Scale ,  thelnftru&ions  in  the  foregoing  are  fufficient  to  in¬ 
form  the  diligent  Learner. 


1.  The  Diftance  is  342.3  Minutes  by  Chapter  6.  Section  3. 
Problem  3d.  of  Alercator’s- Sailing,  in  Page  95. 

2.  To  find  the  Difference  of  Longitude;  the  Proportion  is. 

As  the  Sine  Complement  of  the  Middle  Latitude,  fs  to  the 

Tangent  of  the  Courfe,  fo  is  the  Difference  of  Latitude,  to  the 
Difference  of  Longitude,  Or  thus  : 

As  S.  c;  Mid.  Lat.  ..  T.  Courfe  ::  DifF.  Lat.  ••  DifF.  of  Long. 
As  S.  42d.  16m.  ..  T.  39d.  :  :  266  min.  ..  320.3  min. 

To  work  this,  or  any  fuch  like  Proportion,  by  Gunter' s  Scale , 
the  General  Rule  of  extending  from  the  Firft  Term  to  the  Second, 
feV.  will  not  ferve,  till  the  Firft  and  Second  Terms  are  reduced 
to  one  Line,  or  Scale,  and  that  by  this  Rule  following. 

A  General  Rule  to  reduce  the  Second  Term  Tangent,  to  the 
Firfi  Term  Sine.  % 

Extend  the  Compafies  from  Tangent  45d.  to  the  Tangent 
of  the  Second  Term  ;  lay  that  Extent  on  the  Line  of  Sines,  from' 
90d.  (if  the  Second  Term  be  lefs  than  45d.  but  if  more,  from  the 

Firft.: 
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7irft  Term)  towards  the  Left-hand  ;  and  where  the  Foot  refteth, 
call  the  Second  Term  reduced  to  the  Firft,  and  is  to  be  counted 
nftead  of  the  Second  Term  ;  as  for  Example. 

To  work  the  aforefaid  Proportion,  to  find  the  Difference  of 


x."  The  Extent  from  Tangent  43d.  to  Tangent  39d.  laid  from 
line  9od.  reacheth  to  54^  05m.  the  Second  Term  reduced  to 

he  Firft  Term.  , 

2.  The  Extent  from  54d.  05m.  (the  Second  T  erm  reduced) 
o  Sine  42d.  16m  the  Firft  Term  in  the  Proportion  ;  laid  on  the 
vine  of  Numbers  from  266  Minutes,  the  Third  Term,  will  reach 
o  320.3  Minutes,  the  Fourth  rerm,  the  Difference  of  Longi- 

ude  required.  . 

Or  thus  ;  By  two  Operations  to  find  the  Difference  of  Longitude. 
Firft;  As  the  Sine  Complement  of  the  Courfe,  is  to  the  DiL 
lerence  of  Latitude:  So  is  the  Sin?  of  .the  Courfe,  to  the  Depar* 
ure  from  the  Meridian,  or  Meridian  Diftance.  0?  thus  ; 

AsS.  c.  Courfe  ..  Diff.  Lat.  :  :  S.  Courfe  ..  Departure. 

As  S.  51  deg.  ..  266  min.  :  :  S.  39  deg. ..  215.4mm.. 
Secondly;  As  the  Sine  Complement  of  the  middle  Latitude, 
Is  to  Radius  :  fo  is  the  Departure  from  the  Meridian,  to  the  Dif- 
erence  of  Longitude.  Briefly  thus  ; 

As  S.  c.  Middle  Lat ..  Radius  :  :  Departure  ••  Diff.  Long. 
AsS.  42d.  1 6m.  ..S.  9od. :  :  215.4mm. ..,  320.3  as  before. 
Then  to  find  the  Longitude  the  Ship  is  in,  ’tis  thus. 

Lizard  Longitude  is - °5d*  *4m>  Weft. 

Diff.  Longitude  320.3  Minutes,  or  - •  Q5d.  20m.  Weft. 

Longitude  the  Ship  is  in - iod.  34m.  Weft. 


’roblem  III.  Both  Latitudes,  and  Diftance  given  ;  to  find  the 
Courfe  and  Difference  of  Longitude. 

+ 

Example.  If  a  Ship  runneth  300  Minutes  North  Wefterly, 
rom  a  Port  in  37  deg.  North  Latitude,  and  Longitude  iod. 
:5m.  W.  until  (he  be  in  Lat.  4id  deg.  North  :  What  is  her 
Jourfe  and  Longitude  (he  is  in  ? 

Sailed  from  \  y  •  ,  j  37^-  North  - - 37<j- 

Ship  is  in — S  r  4 1  d.  Nona  —  4id. 

- -  --  -  ’  •  y8d. 


)ifference  of  Latitude  - 


Or,  Minutes  240 


4d.  N.  Oum  of  both  Latit. 
60  Middle  Latit. 

SubtradI  from 


39d- 

god. 


Complement  of  the  Middle  Latitude  5 id. 

1.  The 
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1.  The  Courfe  is  North  36  deg.  52  min.  Weft,  or  NW.  by 
N.  |  Weft  nearcft  ;  found  by  Chapter  4.  Sedfion  3.  Problemn  4. 
of  Mercator' s  Sailing,  in  Page  96. 

2.  To  find  the  Differ,  of  Longit.  the  Proportion  is  thus ; 

As  S.  c.  Mid.  Lat.  ..  T.  Courfe  :  :  Differ.  Lat.  ..  Diff.  Long. 
As  S.  5id.  3cm.  ..  T.  3&d  52m.  :  :  240  min. ..  231.6mm. 
By  Gunter's  Scale.  The  Extent  from  Tangent  45d.  to  Tan¬ 
gent  3&d.  52m.  will  reach  from  Sine  9od.  to  Sine  48d.  30m.  the 
Second  Term  reduced  to  theFirft:  Then  the  Extent  from  this 
laft  (Sine  4<L1.  30m.)  to  Sine  5id.  (theFirft  Term  in  the  above- 
faid  Proportion)  will  reach  on  the  Line  of  Numbers  from  the 
Difference  of  Latitude  240  Minute?,  to  23 1.6  Minutes,  or  3d. 
52m.  the  Difference  of  Longitude. 

Or'  thus ;  By  two  Proportions  (after  the  Courfe  is  found,  as 
before)  to  find  the  Difference  of  Longitude,  fay, 

1.  As  the  Radios,  is  to  the  Diftance  failed  ;  fo  is  the  Sine  of 
the  Courfe  to  the  Departure  from  the  Meridian  : 

Which  briefly  is  thus ; 

A.s  Radius  ..  Diftance:  :  S.  Courfe  ..  Departure. 

As  S.  9od. ..  300mm.  :  :  S.  36d.  52m.  ..  180  Minutes. 

2.  As  the  Sine  Complement  of  Middle  Latitude,  is  to  Radius  ; 

f  >  is  the  Departure  from  the  Meridian,  to  the  Difference  of  Lon¬ 
gitude.  Briefly  is  thus ; 

As  S.  c.  Mid.  Lat.  ..  Radius  :  ^Departure  ..  Diff.  Long. 

As  S.  51  Degrees.  ..  S.  9od. :  :  180  Min.  ..  231.6  Min. 

Or  it  may  be  found  by  this  Proportion,  when  the  Diftance  is 
given. 

S.c.  Mid.  Lat. ..  Diftance  :  :  S.  Courfe  ..  Diff.  Longit. 

S,  51  Degrees ..  30oMin. :  :  S.  36d.  52m.  ..  231.6m.  as  above. 
Then  to  find  the  Longitude  the  Ship  is  in,  ’tis  thus  ; 

Longitude, the  Ship  failed  from  - - -  rod.  25m.  Weft. 

Diff.  Longitude  231.6  Minutes,  or  - - -  3d.  52m.  Weft. 

\  - - - £- 

Longitude  the  Ship  is  in  — - - i4d.  17m,  Weft. 

Problem  IV.  Both  Latitudes,  and  Dcparttir^fcom  the  Meridian 
given  ;  to  find  the  Courfe ,  Diftance,  and  Difference  of  Longi¬ 
tude. 

Example.  A  Ship  in  Latitude  49d.  57m.  North,  and  Longi¬ 
tude  5a.  24m.  Weft  ;  fails  South  Wefterly,  ’till  the  Departure 
be  789  Minutes,  and  flie  be  in  Lat.  3gd.  20m.  North;  I  de¬ 
mand  theC.ourfe,  Diftance,  and  Longitude  the  Ship  is  in  l 

Lat. 


1 
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(  Sail’d  from  49d.  57m.  North - 49d.  57m. 

latitude  j  gj^jp  js  jn  gqd.  20m.  North - 39d.  20m- 


Difference  of  Latitude  iod.  37m.  Sum  of  both  Lat.  8gd.  17m. 

60  - - 

Or  Minutes  -  &&  The  |  is  Mid.  Lat.  44d;  38m. 

Which  fubtract  from—  90a.  00m. 

'  ~ - —  "  — 

The  Remainder  is  Comp,  of  the  Middle  Latitude—  45J.  22m. 
1  The Courfe  is  S.  5 id.  05m.  W.  j  by  Chapter  4  Sethon 
2.  Diftance  1014  Minutes.  I  3 ■  Problem  5.  of  Mer¬ 

cator's  Sailing ,  in  Page  97. 


2  To  find  the  Difference  of  Longitude,  the  Proportion  is ; 
As"S  c  Mid.  Lat.  ..  T.  Courfe  :  :  Diff.  Lat. ...  Diff.  Long. 
As  S.’  45d.  22m.  ..T.  sid.  05m.  :  :  637  min.  ..  1109  Min. 


For  the  Extent  from  Tangent  43d.  to  the  Tangent  5 id.  05m. 
laid  (on  the  Line  of  Sines)  from  45d.  22m.  reacheth  to  Sine 
-jcd  10m.  the  Second  Term  reduced  to  the  Firft :  Then  the 
Extent  from  this  laft  (Sine  33d.  10m.)  to  S.  god.  (infiead  of  Sine 
d  22m.  the  Firft  Term  in  the  above  Proportion,  always 
when  the  Courfe  is  more  then  45d.  and  that)  laid  on  the  Line 
of  Numbers,  from  Diff.  Lat.  637  Minutes  will  reach  to  1109 
Minutes,  the  Difference  of  Longitude  required  . 


Or  thus ;  the  Difference  of  Longitude  may  be  found  without 

finding  the  Courfe,  faying:  - 

As  the  Sine  Complement  of  the  Middle  Latitude,  is  to  the 
Radius:  fo  is  the  Departure  from  the  Meridian,  to  the  D.fterence 
of  Longitude.  That  is. 

As  S.  c.  Mid.  Lat.  ..  Radius:  :  Departure 
As  S,  45d.  22m.  ••  S.  9od._:  :  789m.  Min 


Then  the  Longitude  the  Ship  is  in,  may 

Problem  5 
fanTe  Queftio 


j£j Me 


'creator's  Sailing ,  in  Page 
fth  this. 


97s 


'Differ.  Longit. 
r  109m.  as  belore. 
be  found,  as  in 
that  being  the 


And  in  like  manner  all  the  remaining  Queftions  in  Mercator , 
may  be  wroght  by  the  Sine  Complement  of  the  middle  Latitude, 
which  I  leave  to'  the  Learner’s  Practice:  And  thus  much  may 
fuflice  for  the  Second  Kind  of  Sailng,  or  fecond  Part  <  f  Navi¬ 
gation,  and  the  Application  of  Plane  Trigonometry.;  Spheric 
Trigonometry,  is  next.  p 


f 


- - —  — 


<fi£& 


-i.' JT- 
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Spheric  Geometry. 


Cap.  V. 


Chapter  V.  Containing  the  DoEirine  of  Spheric  'Triangles, 
Rectangular  and  Oblique ,  both  Geometric ,  Logarithmic , 
and  Injtrumental. 


B 


Section 


EFORE  I  enter  on  Sp'eric  Trigonometry,  as  to  the  fram¬ 
ing  and  working  of  Proportions  therein,  it  will  be  neceflary 
you  fhould  underhand  how  to  make  a  Speric  Triangle,  and  to 
meafure  any  of  its  Parts :  In  Order  thereunto  I  have  contrived 
the  following  Problems,  which  I  call  Spheric  Geometry. 


Spheric  Geometry  explained  by  Difinitions  and 
Problems. 


Definition  I.  CPheric  Geometry ,  is  that  by  which  the  Circles  of 
the  Sphere  are  deferibed,  drawn,  or  projected  on 
a  Plane,  or  fiat  Superficies, 

2.  A  Sphere  or  Globe ,  is  a  round  Body,  made  by  the  moving 
of  a  Semi-circle  about  its  own  Diameter,  till  the  Motion  end 
where  it  began. 

3.  The  Projection  of  the  Sphere ,  is  either  Orthographic,  Ste- 
reegraphic,  or  Gnomonic. 

4.  Orthographic  is  the  drawing  the  Superficies  of  the  Sphere 
on  a  Plane,  which  cutteth  the  Sphere  in  the  middle,  with  refpeCt 
to  the  Eye  being  placed  perpendicular  to  it,  and  at  an  infinite 
Dillance  therefrom :  This  Projection  maketh  Ufe  only  of  the 
Lines  of  Chords,  and  Sines. 

5.  Stereographic ,  fheweth  how  to  deferibe  the  Sphere’s  Super¬ 
ficies  on  a  Plane,  which  cutteth  it  in  the  middle,  with  refped  to 
the  Eye  being  placed  in  the  Sphere’s  Superficies,  perpendicular  to 
the  Center  of  the  laid  Plane. 

6.  Gnomonic  Projection  of  the  Sphere ,  is  drawing  the  Superfi¬ 
cies  on  a  Plane  touching  it,  with  refpedt  to  the  Eve  being  placed 
in  the  Sphere’s  Center. 

Thefe  two  laft  make  ufe  of  the  Lines  of  Chords,  Tangents, 
and  Secants. 

All  Circles  of  the  Sphere,  are  either  Grdat  Circles,  which 
cut  it  into  two  equal  Parts  j  or  leffer  Circles,  which  cut  it  into 
two  unequal  Parts. 


8.  The 
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8.  The  Place  on  which  the  Sphere  is  projected,  is  that  Circle 
hich  bounds,  or  limits  the  Projection,  and  is  reprefented  by  the 
ircle  ABCDF.BA.  Plate  3.  Fig  7. 

9.  A  Great  Circle ,  is  either  the  Primitive  Circle,  a  Right 
ircle,  or  an  Oblique  Circle. 

Thefe  Circles  confidered  feverally,  or  jointly,  afford  divers 
roblems,  which  are  the  fubjeCt  Matter  of  Spheric  Geometry , 
id  are  fuch  as  follow. 

Problem.  I.  To  find  the  Pole  of  any  Great  Circle. 

Definition  1.  A  Great  Circle ,  is  either  the  Primitive  Circle,  as 
CDEB;  or  a  Right  Circle,  as  the  Diameter  BAD;  or  an 
)blique  Circle,  as  the  Arc  BFD.  Plate  3.  Fig.  7. 

2.  The  Pole  of  a  Great  Circle ,  is  a  PunCt  every  W ay  90  De- 
rees  diftant  from  it:  And 

Note  1.  The  Pole  of  a  Great  Circle  is  either  upon  the  Primi- 
‘ve  Circle,  or  within  it. 

2.  When  the  Pole  is  within,  ’tis  either  at  the  Primitive  Circle’s 
'enter,  or  not. 

In  this  Problem  are  three  Cafes. 

Problem  I.  Cafe  1.  The  Pole  of  the  Primitive  Circle  is  required. 

Example.  BCDE  the  Primitive  Circle  given;  to  find  the 
‘ole  thereof  is  required.  Plate  3.  Fig.  7.  . 

The  Rule.  Find  A,  the  Center  of  the  Primitive  Circle 
ICDE,  which  Center  A,  is  the  Pole  required. 

Problem  I.  Cafe  2,  The  Pole  of  a  Right  Circle  is  required. 

Definition.  A  Right  Circle  pafieth  thro’  the  Center  of  the 
Yimitive  Circle,  and  in  the  Projection  is  a  Diameter  ;  as  BAD. 
Note ,  ARiaht  Circle  hath  its  Pole  on  the  Primitive  Circle. 
Example.  The  Pole  of  the  Right  Circle  BAD  is  required. 

Plate  3.  Fig.  7.  . 

The  Rule.  From  the  Chords,  lay  90  Degrees  on  the  Prurn- 
ive  Circle  from  B  or  D,  both  ways  to  C  and  £ ;  I  fay,  C  and  E, 
re  the  Poles  of  the  Right  Circle  BAD. 

Problem  I.  Cafe  \  The  Pole  of  the  Oblique  Circle  is  required. 

Definition.  An  Oblique  Circle  pafieth  not  through  the  Center 
jf  the  Primitive  Circle,  and  in  the  Projection  is  rep' Tented  >_ari 
kre ;  as  BFD.  Plate  3.  Fig  7-  ^ 
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Note  i.  The  Poles  of  an  Oblique  Circle,  are  in  a  Diameter 
which  pafl’eth  through  its  Center. 

2.  One  of  the  Poles  of  an  Oblique  Circle,  lieth  between  the 
Centers  of  the  Primitive,  and  Oblique  Circle. 

3.  Every  Great  Circle,  whether  Right,  or  Oblique,  cutteth 
the  Primitive  diametrically  oppofite. 

Example. 

BCDE  the  Primitive  ?  Circle  and  4"  ^  ^  its  Center  given. 
BED  the  Oblique  <  l  y  S  b  . 

The  Pole  of  the  Oblique  Circle  BFD  is  required.  Plate  3.  Fig.  7. 

The  Rule.  x.  Through  A  and  y,  draw  a  Diameter  to  cut  the 
Primitive  Circle  in  C  and  E,  and  the  Oblique  Circle  in  F. 

2.  Lay  a  Scale  on  B  and  F,  to  cut  the  Primitive  Circle  in  gj 
which  is  called  Reducing  F,  to  the  Primitive  Circle. 

3.  Take  90  Degrees  (from  the  Scale  of  Chords)  and  lay  it  on 
the  Primitive  Circle,  from  g  both  Ways  to  h. 

4.  Reduce  h  to  the  Diameter  CAE,  by  laying  a  Scale  on  B 
and  h,  to  cut  the  Diameter  CAE,  both  within  the  Primitive 
Circle,  and  without,  either  of  which  Points,  I,  is  the  Pole  of 

the  Oblique  Circle  BFD. 

Problem  II.  To  defcribe  a  Spheric  Angle. 

Definition.  A  Spheric  Angie ,  is  made  by  the  Interfe&ion  of 
two  Great  Circles;  the  Interfeftion  being  the  Angular  Punci:, 
Note ,  In  this  Problem  are  two  Cafes. 

Problem  II.  Cafe  1.  To  make  an  Angle ,  that  the  Angular  Pundi 
may  be  at  the  Center  of  the  Primitive  Circle. 

The  Rule.  Such  an  Angle  is  made  (in  all  Refpe&s)  like  a 

Plane  Angle.  ,  ,  .  . 

Example.  An  Angle  B  A  C  equal  4od.  30m.  (whofe  Angular 
Punft  A  may  be  the  Center  of  the  Primitive  Circle)  is  required  to 

be  made.  Plate  3.  Fig.  8.  ...... 

1.  With  a  Chord  of  60  Degrees  (on  the  Center  A)  defcribe 

the  Primitive  Circle,  BCDE. 

2.  On  the  Primitive  Circle,  and  from  the  lame  Chords,  make 
BC  equal  to  40d.  30m. 

3  prom  B  and  C,  draw  two  Right  Circles,  or  Diameters, 

thro’  A,  which  will  include  the  Angle  BAC  required  to  be  made. 

1 

Problem.  II.  Cafe  2.  To  make  an  Angle ,  that  .he  Angular  Punft 
may  be  at  the  Primitive  Circle. 

The  Rule.  Such  an  Angle  Is  made  by  drawing  an  Oblique  Cir¬ 
cle,  with  the  Secant  of  the  given  Angle.  Example 
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Example.  An  Angle  EBF  equal  to  34c!.  30m.  (whofe  Angular 
in£i  B  may  be  at  the  Primitive  Circle)  is  required  to  be  made  ? 
ate  3.  Fig.  7. 

1.  Defcribe  the  Primitive  Circle  BCDE,  as  before  dire&ed. 

2.  Lay  a  Scale  on  A  (the  Primitive  Circle’s  Center)  and  cut 
e  Primitive  Circle  in  B  and  D. 

3.  With  the  Secant  of  the  given  Angle  34d.  30m.  and  one 
>ot  in  B,  defcribe  an  Arc  y. 

4.  With  the  fame,  and  one  Foot  on  D,  crofs  the  former  Arc 
y;  the  Center  of  the  Oblique  Circle  BFD,  which  will  in- 
tde  the  Angle  EBF  equal  to  EDF,  required  to  be  made. 

Note  ;  When  the  given  Angle  is  Obtufe,  take  its  Supplement  to 
|o  Degrees,  and  with  the  Remainder  make  the  Angle  as  above 
edted  and  ’tis  done. 

pb.  III.  To  draw  a  Great  Circle  through  any  given  Pun£l,  fo 
that  it  Jhall  moke  at  the  Primitive  Circle  any  given  Angle, 
the  Rule.  1.  With  the  Tangent  of  the  given  Angle  and  one 
jot  on  the  Center  of  the  Primitive  Circle,  make  an  Arc. 

2.  With  the  Secant  of  the  fame,  and  one  Foot  in  the  given 
jn£f,  cut  the  former  Arc,  which  Point  of  Interfedtion,  is  the 
nter  of  the  Circle  required  to  be  drawn. 

Example.  Plate  3.  Fig.  7. 

BCDE  the  Primitive  Circle  1 

A  the  Center  thereof  - *  r  given; 

F  the  Pundf  — - J 

prough  F,  to  draw  an  Oblique  Circle,  that  it  may  make  an 
jgleatthe  Primitive  Circle,  equal  to  34d.  30m.  is  required  ? 

I  Vote-,  The  given  Point  mull  be  fo  far  from  the  Center  of  the 
nitive  Circle,  that  the  Tangent  from  the  Center,  and  the 
ant  (of  the  fame)  from  the  given  Pundt,  may  interfedl,  or 
each  other  ;  otherwife  ’tis  impoffible. 

.  With  the  Tangent  of  34d.  3cm.  and  one  Foot  in  A,  make 
Arc  y. 

Then  with  the  Secant  of  the  fame,  and  one  Foot  in  F, 
the  Arc  y,  in  the  Center  of  the  Oblique  Circle  BFD,  re¬ 
ed  to  be  drawn  ;  and  if  B,  and  D,  are  diametrically  oppofite 
done  true,  otherwife  not. 

blem  IV.  To  draw  a  Great  Circle ,  through  any  two  Puncfs 
liven ;  either  both  within  the  Primitive  Circle,  or  one  ivithin , 
nd  the  other  without. 

"he  Rule.  1.  Draw  a  Line  from  the  Primitive  Circle’*  Center, 

»  one  (always  the  remote!!)  of  the  two  Pundts,  to  cut  the 
nitive  Circle,  and  produce  it  at  Pleafure. 

H 
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2  From  the  faid  Pun#,  draw  another  Line  to  a  Puna  in  th 
Primitive  Circle,  that  is  9od.  Diitance  from  the  firft  Line. 

2.  On  the  lafl  Line,  and  at  the  Pundt  in  the  Primitive  Circle 
erett  a  Perdendicular,  to  cut  the  firft  Line  in  the  third  Pun& 

4.  Through  the  two  given  Puna?,  and  this  laft  third  Poim 
draw  (by  Chapter  r.  Section  2.  Problem  7.  of  Practical  Geometry 
in  Page  1 5.)  an  Arc  of  a  Circle,  and  ’tis  done. 

Example.  Plate  3.  Fig.  9. 

BCDE  the  Primitive  Circle  1  _ 

A  the  Center  thereof  -  f  given  ; 

F  and  G  two  Punas  -  3 

Through  F  and  G  ’tis  required  to  draw  a  Great  Circle  . 

1  Through  A  and  F,  draw  the  Right  Circle  Bb  AD,  to  cut  th 
Primitive  Ci7cle  in  B  and  D,  and  continue  it  further  at  lea^reJ 

2.  Lay  the  Chord  of  9od.  on  th<?  Primitive  Circle  from  B,  c 
from  D,  to  C  or  E,  and  draw  the  Line  FC  or  bE. 

2  At  C  erea  CH  perpendicular  to  Cb  ,  or  at  E  erea  EH  pe 
pendicuhn  toEF,  Jem  the  D.ame.er  BFAD  in  H,  the  thn 

^THrough  F,  G,  and  H,  draw  a  Circle  IFGKH,  which  wi 
cut  the  Primitive  C.rcle  in  I  and  IC.  dramcttrcally  oppoftte,  at 
’tis  done. 


To  draw  a  great  Circle  perpendicular  to,  or  at  Rig 
Angles  with  a  given  Great  Circle. 

A  General  Rule.  Draw  a  Great  Circle  through  the  Pole, 
Poles  of  the  given  Great  Circle,  and  ’t.s  perpendicular  to  it,  or 
makes  a  Right  Angle  with  it. 

Note,  In  this  Problem  are  four  Cafes. 


Problem  V.  Cafe  1.  To  draw  a  Great  Circle  perpendicular 
the  Primitive  Circle. 


n,  Rule.  This  is  done  by 


Center  of  the  Primitive  Circle;  for  the  Center  of  thePnmiti 
Circle  being  its  Pole,  all  Right  Lines  drawn  through  the  Cent! 
are  perpendicular  Circles  to  the  Primitive  Circle. 


Example.  Plate  3.  Plate  7-  . 

BCDE  the  Primitive  Circle,  and  A  its  Center  Siven  5  t0  dK 
Great  Circle  perpendicular  to  it,  is  required  _  j;c 

Through  A  draw  the  Right  Circle  BAD,  and  tis  perpendic 

lar  to  the  Primitive  Circle  BCDE,  as  was  require  .  problt 
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’roblem  V*.  Cafe  2.  To  draw  a  Right  Circle  perpendicular  to  a 
given.  Right  Circle. 

The  Rule.  This  is  done  by  drawing  a  Diameter  at  Right 
\ngles  to  the  given  Right  Circle;  or  quartering  the  Primitive 
Circle  (by  Chapter  I.  Seel  ion  2.  Problem  8.  of  Practical  Geome- 
ry,  in  Page  15.)  with  two  Diameters. 

Example.  Plate  3.  Fig.  7. 

BCDE  the  Primitive  ?  n-  ,  (  and  A  its  Center"?  . 

BAD  is  a  Right - rlrcle’  i  - - (  S'ven  S 

To  draw  a  Right  Circle  perpendicular  to  the  Right  Circle 
1AD,  is  required  ? 

Draw  the  Diameter  CAE  perpendicular  to  BAD,  or  from  the 
Chords  lay  god.  on  the  Primitive  Circle  from  B,  or  from  D,  to 
J  and  E,  which  are  its  two  Poles,  and  through  C,  A,  and  E, 
raw  a  Diameter,  and  ’tis  done. 

I'roblem  V.  Cafe  3.  To  draw  an  Oblique  Circle  perpendicular  to 
a  given  Right  Circle. 

The  Rule.  X.  Find  the  two  Poles  of  the  given  Right  Circle* 
y  Problem  1.  Cafe  2.  of  Spheric  Geometry,  in  Page  ill. 

2.  Draw  an  Oblique  Circle  through  thofe  two  Poles,  a<nd  ’tis 
tone. 

Example.  Plate  3.  Fig.  7. 

BCDE  the  primitive  Circle! 

A  the  Center  thereof  - >  given  ; 

BAD  is  a  Right  Circle  — J 

To  draw  an  Oblique  Circle,  perpendicular  to  the  Right  Circle 
i  AD,  is  required  ? 

1.  Take  the  Chord  of  9od.  and  lay  it  from  B,  or  D,  both 
yays  to  C,  and  E,  which  are  the  two  Poles  of  the  Right  Circle 
AD. 

2.  With  any  Diftance,  and  one  Foot  on  C,  and  E,  draw 
ires  to  cut  each  other  in  x,  the  Center  of  the  Oblique  Circle 
1GE,  required  to  be  drawn. 

Note,  If  AG  be  known,  or  limited  to  a  certain  Diftance, 
jien  ’tis  done  by  drawing  a  Circle  through  the  three  Punfts  C, 
i,  and  E. 

Or,  2.  If  AG  be  any  known  Quantity  of  Degrees,  then  take 
iie  Secant  of  its  Complement,  and  fetting  one  Foot  on  C,  or  E, 
re  other  will  crofs  the  given  Right  Circle,  in  the  Center  of  the 
Iblique  Circle  required  to  be  drawn. 

II  2  Problem 
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To  draw  an  Oblique  Circle ,  perpendicular  to 
a  given  Oblique  Circle. 

The  Rule.  I.  Find  the  two  Poles  of  the  given  Oblique  Circle, 
by  Prob.  1.  Cafe  3.  of  Spheric  Geometry ,  in  pages  1  11  and  112. 

2.  Through  thofe.  Poles  draw  a  Cjreat  (circle,  which  will  cut 
the  Oblique  Circle  at  Right  Angles,  and  the  Primitive  Circle 
diametrically  oppofue,  and ’tis  done. 

Example.  Plate  3.  Fig.  10. 

BCDE  the  Primitive  )  G-  j  and  i  A  \  its  Center  given; 
BED  the  Oblique  S  l  Y  \  ,  , 

To  draw  another  Oblique  Circle  perpendicular  to  the  Ublique 

Circle  BFD,  is  required  ? 

1  Find  G,  the  Interior,  and  Exterior  Pole  of  the  given 
Oblique  Circle  BFD,  by  Problem  1.  Cafe  3.  of  Spheric  Geometry , 

in  pages  ill  and  112.  .  .  . 

2.  Through  G,  draw  the  Circle  HIGK,  to  cut  the  Primitive 
in  H  and  K.,  and  the  Oblique. Circle  BID  in  I,  (fo  thatHAK  isin 
a  Diameter)' and ’tis  done,  for  then  the  Angle  BIH  is  a  right 
Angle,  and  the  Oblique  Ciicles  BFID,  and  HIGK.,  are  perpen¬ 
dicular  to  one  another.  .  1 

Note-,  1.  If  the  Pur.ai  (on  the  given  Oblique  Circle)  is 
given;  then  draw  a  Circle  through  I,  (and  the  Interior  Pole  GJ 
(by  Problem  4.  of  Spheric  Geometry ,  in  page  1 1 3-)  and  ’tis  done. 

Or,  2.  If  it  be  required,  that  the  faid  Oblique  Circle  mail  make 
a  certain  Angle  at  the  Primitive  Circle,  then  draw  a  Circle  through 
the  faid  Pole  G,  by  Prob.  3.  of  Spheric  Geometry ,  in  page.  1 13. 

Problem.  VI.  To  lay  any  Quantity  of  Degrees  on  any  Great  Circle. 

In  this  Problem  are  three  Cafes. 

Cale  1.  To  lay  any  Quantity  of  Degrees  on  tf 
Primitive  Circle. 

This  is  done  by,  or  from  the  Scale  of  Chords. 
Example.  Plate  3.  Fig.  8. 

BCDE  the  Primitive  Circle,  and  A  its  Center  given  ; 

To  lay  4od.  30m.  on  the  Primitive  Circle  from  B  is  required  ? 

From  the  Scale  of  Chords,  take  4-od.  30m.  and  lay  it  on  the 
Primitive  Circle  from  B  to  C,  and  ’tis  done. 

Problem  VI.  Cafe  2.  To  lay  any  Quantity  of  Degrees  on  a 

Right  Circle. 

The  Rule.  This  is  done  from  the  Scale  of  Half-Tangents, 
counting  the  Beginning  thereof  to  be  the  Center  of  the  Primitive 
Circle. 

Example 


Problem  VI. 
The  Rule. 
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Example.  Plate  3.  Fig.  8. 

CDE  the  Primitive  Circle,  and  A  its  Center  7 

AD  is  a  Right  Circle - - - -  J  &lven  > 

)n  the  Right  Circle  BAD,  from  A,  to  lay  4od.  30m.  or  from 
B  to  lay  4qd.  30m.  is  required  ? 

From  the  Half-Tangents,  take  40d.  30m.  and  lay  it  on  the 
Light  Circle,  BAD  from  A  to  /,  or  49d.  30m.  the  contrary 
^ay  of  the  Half-Tangents,  laid  from  B  to  /,  and  *tis  done:  For 
1  /  and  IB  together  are  equal  to  90  Degrees. 

Problem  VI.  Cafe  3.  To  lay  any  Quantity  of  Degrees  on  an 
Oblique  Circle. 


The  Rule.  I-  Find  the  Poles  of  the  given  Oblique  Circle,  by 
'roblem  J.  Cafe  3.  of  Spheric  Geometry ,  in  pages  in  and  112. 

2.  Lay  the  given  Quantity  of  Degrees  on  the  Primitive  Circle, 
y  Cafe  1.  of  this  Problem. 

3.  Reduce  it  from  the  Primitive  Circle  to  the  given  Oblique 
ircle,  by  laying  a  Scale  on  either  of  its  Poles,  and ’tis  done. 

Example.  Plate  3.  Fig.  n. 

BCDE  the  Primitive  ?  r,.  ,  VA 


BCDE  the  Primitive  7  ,  ,  VA  |  .  « 

BIFD  an  Oblique  —  j  Clrcle’  and  i  y  \  Its  Center  2,ven  » 

30m.  is  re 


»n  the  Oblique  Circle  BED  (Trom  B)  to  lay  5 id. 
lired  ? 

1.  By  A  and  y,  draw  the  Diameter  CAE,  and  find  G  the 
ole  of  the  Oblique  Circle,  by  Prob.  i.  Cafe  3.  in  page  nj. 
From  the  Scale  of  Chords ,  take  5  id.  30m.  and  lay  it  on  the 


2. 


imitive  Circle,  from  B  to  H. 

3.  Lay  a  Scale  on  G  and  H,  to  cut  the  Oblique  Circle)  BFD 
,1  I,  then  is  BI  (on  the  Oblique  Circle)  equal  to  5 id.  30m.  as 
las  required. 


Problem  VII.  To  mcafure  any  Part  of  a  Great  Circle. 

In  this  Problem  are  three  Cafes ,  which  are  but  the  converfe  of 
ofe  in  the  laft  Problem. 


roblem  VII.  Cafe  1.  To  meafure  any  Part  of  the  Primitive  Circle 

The  Rule.  Take  the  Part  required  to  be  meafured,  and  lay  :i 
1  the  Scale  of  Chords ,  and  it  fneweth  how  much  it  is. 

Example.  Plate  3.  Fig.  8. 

CDE  the  Primitive  Circle,,  and  A  its  Center  given; 

To  meafure  BC,  a  Part  of  the  Primitive  Circle,  is  required? 
Take  tfie  Extent  BC  in  the  CompafTes,  and  lay  it  on  the  Chords , 
hich  will  Ihew  how  many  Degrees  BC  doth  meafure. 

H  3 
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Problem  VII.  Cafe  2.  To  meafure  any  Part  cf  a  Right  Circle 

The  Rule,  I.  If  the  Part  to  be  meafured  lieth  next  the  Centei 
of  the  Primitive  Circle,  then  ’tis  meafured  on  the  Scale  of  Half- 
Tangents,  from  the  Brafs  Center  Pin  at  the  Beginning  thereof. 

2.  When  the  Part  to  be  meafured  lieth  next  to  the  Prinsitivi 
Circle,  then  ’tis  meafured  on  the  Scale  of  Half-Tangents,  fron 
QOd.  counting  Sod.  to  be  xcd.  70  to  be  20,  60  to  be  30,  iefc. 


Example.  Plate  3.  Fig.  8. 
BCDE  the  Primitive  Circle,  and  A  its  Center  } 
BAD  a  Right  Circle  - - -  1 


given  j 


Tq  Meafure  A  l,  or  Bl,  on  the  Right  Circle  BAD,  is  required 

t.  Take  A l,  and  lay  it  on  the  Scale  of  Half-Tangents,  from 
the  Brafs  Center  Pin  (at  the  Beginning  of  it)  which  will  fhew 
how  many  Degrees  it  is :  Or, 

2.  Take  Bl,  and  lay  it  on  the  Scale  of  Half-Tangents  from 
qod.  backwards,  counting  Sod.  to  be  10,  and  70  to  be  20, 
which  will  fhew  how  many  Degrees  Bl ,  is  :  And, 

Note ,  That  A l,  and  Bl,  will  make  together  juft  9od.  they 
being  Complements  to  each  other. 

Prob.  VII.  Cafe  3.  To  meafure  any  Pari  of  an  Oblique  Circle . 


The  Rule.  I.  Find  the  Poles  of  the  given  Oblique  Circle,  by 
Problem  1,  Cafe  3.  of  Spheric  Geometry ,  in  Pages  111  and  112. 

2.  Lay  a  Scale  on  either  of  the  faid  Poles,  and  the  Part  defired 
to  be  meafured,  and  reduce  it  to  the  Primitive  Circle. 

3.  Being  thus  reduced  to  the  Primitive  Circle,  ’tis  meafured 
on  the  Scale  of  Chords,  as  before  in  Cafe  i.  of  this  Problem . 


Example.  Plate  3.  Fig.  xr. 


1X-W"  }  Ode.  and  {*  {  its  Center  given. 
To  meafure  Bl,  and  FI,  on  the  Oblique  Circle  BIFD  is  required  ? 


4.  find  G  the  Pole  of  the  Oblique  Circle  BIFD,  by  Prob.  f. 
Cfj'e  3.  of  Spheric  Geometry,  in  Pages  jii  and  1 1  2. 

2.  Lay  a  Scale  on  G  and  I,  to  cut  th?  Primitive  Circle  in  H. 

■P  Then 
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°n  EH  meafured  on  the  Scale  of  Chords  is  the  Meafure 
id  BH  on  the  fame  Scale  of  Chords  is  the  Meafure  of  BI. 


'roblem  VIII.  To  meafure  any  Spheric  Angie. 


In  this  Problem  are  four  Cafes-,  and  this  is 
ral  Rule.  A  Spheric  Angle  is  meafured  by  the  Arc  of 
ircle,  intercepted  between  the  two  containing  Sides,  the 
’un£t  being  the  Pole  of  that  Circle  :  Or  the  Difiance  of 
of  the  containing  Sides,  is  equal  to  the  Meafure  of  the 
Angle. 

[I.  Cafe  r.  To  meafure  an  Angle ,  when  its  Angular 
Fund  is  the  Center  of  the  Primitive  Circle. 

e.  Such  an  Angle  is  meafured  (like  a  Plane  Angle)  on 
■  ve  Circle,  by  a  Scale  of  Chords. 

Example.  Plate  3.  Fig.  8. 

Primitive  Circle,  A  its  Center,  and  the  Angular  PuntSl 
en  ;  to  meafure  the  Angle  BAC  is  required  ? 

),  and  meafure  it  on  the  Scale  of  Chords,  fhews  the 
1,  how  much  it  is. 

'  i 

.  Cafe  2.  To  meafure  an  Angle ,  tuhen  its  Angular 
Puncl  is  at  the  Primitive  Circle. 


i.  Find  the  Poles  of  the  two  containing  Sides,  by 
of  Spheric  Geometry,  in  Pages  ill  and  U2. 

Jiftance  of  thefe  two  Poles,  is  the  meafure  of  the 


gle. 


When  the  two  Poles  are  in  one  Diameter, 


meafured  on  the  Scale  of  Half-  Tangents. 

.  they  are  not  in  one  Diameter,  then  reduce  them  to 
e  Circle,  by  laying  a  Scale  on  the  Angular  Punff, 
two  Poles,  which  Diftance  being  mealured,  on  the 
irds,  is  the  Meafure  of  the  required  Angle. 

Example.  Plate  3-  Fig.  8. 

ae  Primitive  /  Circl  and  4  ^  [  its  Center  given, 
an  Oblique  }  (.V  i 

ire  the  Angle  EDF,  equal  to  the  Angle  EBF  is  required 
ough  A  and  y,  draw  a  Diameter  to  cut  tne  Primitive 
.  H  and  I,  and  the  Oblique  Circle  in  G. 

.  the  Diameter  I  AH,  find  K,  the  Pole  of  the  Oblique 

EGFD.  + 

H  4  3-  1 05 
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Problem  VII.  Cafe  2.  To  meafure  any  Part  cf  a  Rig 

The  Rule,  l.  If  the  Part  to  be  meafured  lieth  next  t 
of  the  Primitive  Circle,  then  ’tis  meafured  on  the  Seal 
Tangents,  from  the  Brafs  Center  Pin  at  the  Beginning 

2."  When  the  Part  to  be  meafured  lieth  next  to  the 
Circle,  then ’tis  meafured  on  the  Beale  of  Half-Tange 
Qod.  counting  Sod.  to  be  xcd.  70  to  be  20,  60  to  be 


Example.  Plate  3.  Fig.  8. 


BCDE  the  Primitive  C 


BAD  a  Right  Circle - S 

Tq  Meafure  A  l,  or  B  l,  on  the  Right  Circle  BAD ,  is 

x.  Take  Al ,  and  lay  it  on  the  Scale  of  Half-Tang* 
the  Brafs  Center  Pin  (at  the  Beginning  of  it)  which 
how  many  Degrees  it  is :  Or, 

2.  Take  Bl ,  and  lay  it  on  the  Scale  of  Half-Tan 
90d.  backwards,  counting  Sod.  to  be  xo,  and  70  to 
which  will  (hew  how  many  Degrees  Bl,  is  :  And, 

Note ,  That  A l,  and  Bl,  will  make  together  jul 


being  Complements  to  each  other. 


Prob.  VII.  Cafe  3.  To  meafure  any  Pari  of  an  Obh 

The  Rule.  I.  Find  the  Poles  of  the  given  Oblique 
Problem  1.  Cafe  3.  of  Spheric  Geometry ,  in  Pages  1 1 

2.  Lay  a  Scale  on  either  of  the  faid  Poles,  and  the 
to  be  meafured,  and  reduce  it  to  the  Primitive  Circle 

3.  Being  thus  reduced  to  the  Primitive  Circle,  ’t 
on  the  Scale  of  Chords,  as  before  in  Cafe  1.  of  this  F 


Example.  Plate  3.  Fig.  ir. 
jueIVC  5”  Circle,  and  ^  ^  ^  its  Ce 


BCDE  the  Primitive 
BIFD  an  Oblique 


To  meafure  Bl,  and  FI,  on  the  Oblique  Circle  BIFD  . 

4.  Find  G  the  Pole  of  the  Oblique  Circle  BIFD,  b 
Cffe  3.  of  Spheric  Geometry ,  in  Pages  1x1  and  X  1  2. 

2,  Lay  a  Scale  on  G  and  I,  to  cut  the  Primitive  Circ 
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3.  Then  EH  meafured  on  the  Scale  of  Chords  is  the  Meafure 
>f  FI ;  and  BH  on  the  fame  Scale  of  Chords  is  the  Meafure  of  BI. 

Problem  VIII.  To  meafure  any  Spheric  Angle. 


In  this  Problem  are  four  Cafes ;  and  this  is 
A  General  Rule.  A  Spheric  Angle  is  meafured  by  the  Arc  of 
t  Great  Circle,  intercepted  between  the  two  containing  Sides,  the 
\ngular  Pundt  being  the  Pole  of  that  Circle  :  Or  the  Diftance  of 
he  Poles  of  the  confaining  Sides,  is  equal  to  the  Meafure  of  the 
ontained  Angle. 


I’rob.  VIII.  Cafe  I.  To  meafure  an  Angle ,  when  its  Angular 

Pun  ft  is  the  Center  of  the  Primitive  Circle. 

.  •  »  »  * 

The  Rule.  Such  an  Angle  is  meafured  (like  a  Plane  Angle)  qn 
he  Primitive  Circle,  by  a  Scale  of  Chords. 

Example.  Plate  3.  Fig.  8. 

3CDE  the  Primitive  Circle,  A  its  Center,  and  the  Angular  PuntSl 
given  ;  to  meafure  the  Angle  BAC  is  required  ? 

Take  BC,  and  meafure  it  on  the  Scale  of  Chords,  fhews  the 
\ngle  BAC,  how  much  it  is. 

' 

’’rob.  VIII.  Cafe  2.  To  meafure  an  Angle ,  when  its  Angular 
Punci  is  at  the  Primitive  Circle. 


The  Rule.  1.  Find  the  Poles  of  the  two  containing  Sides,  by 
Problem  \.  of  Spheric  Geometry,  in  Pages  in  and  1 1  2. 

2.  The  Diftance  of  tbefe  two  Poles,  is  the  meafure  of  the 
iequired  Angle. 

Note  1.  When  the  two  Poles  are  in  one  Diameter,  or  Right 
Circle,  ’tis  meafured  on  the  Scale  of  Half-  Tangents. 

2.  When  they  are  not  in  one  Diameter,  then  reduce  them  to 
he  Primitive  Circle,  by  laying  a  Scale  on  the  Angular  Pun£f, 
tnd  the  laid  two  Poles,  which  Diftance  being  meakued,  on  the 
igale  of  Chords,  is  the  Meafure  of  the  required  Angle. 


Example. 

BCDE  the  Primitive  > 
BGFD  an  Oblique  j 


Plate  3. 
Circle,  and 


1  <?' 


its  Center  given. 


To  meafure  the  Angle  EDF,  equal  to  the  Angle  EoF  is  required. 

1.  Through  A  and  y,  draw  a  Diameter  to  cut  the  Primitive 
Circle  in  FI  and  I,  and  the  Oblique  Circle  in  G. 

2.  In  the  Diameter  I  AH,  find  K,  the  Pole  of  the  Ouliq-1'- 
Circle  EGFD. 

H  4  3-  Tnc 


HUB 


/ 


/ 


f '  • 
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given 


3.  The  Diftance  AK,  or  GI,  meafured  on  the  Scale  of  Half 
Tangents,  (the  latter  the  contrary  Way  on  that  Scale  from  9od. 
flieweth  how  much  the  Angle  EDF,  or  EBF  is. 

Problem  VIII.  Cafe  3.  To  meafure  an  Angle  when  its  Angulai 
Pun5i  is  not  in  the  Center  of,  nor  at  the  Primitive  Circle. 

The  Rule  is  this;  1.  Find  the  two  Poles  of  the  two  containing 
Sides,  by  Problem  1.  in  Pages  Hi  and  112. 

2.  Reduce  thofetwo  Poles  to  the  Primitive  Circle,  then  mea 
fure  the  Diftance  of  them  on  a  Scale  of  Chords,  and  ’tis  done. 

Note,  Reduce ,  is  to  lay  a  Scale  on  the  Angular  Pundl  (required 
to  be  meafured)  and  the  Paid  two  Poles,  to  cut  the  Primitive 
Circle. 

Example.  Plate  3.  Fig.  8. 

BCDE  the  Primitive')  f  A }  ■  r  . _ 

BGED  an  Oblique  >  Circle,  and\  y  f 1  s  Je  et 
CAFE  a  Right  J  t  cuts  the  Oblique  in  F. 

To  meafure  the  Angle  DFE,  or  BFE  is  required ? 

1.  Through  A  and  y,  draw  the  Diameter  IAH,  and  in  it  find 
K  the  Interior  Pole  of  the  Oblique  Circle  BGFD,  as  before  in  the 
laft  Cafe. 

2.  Find  Lthe  Pole  of  the  Right  Circle  CAFE,  by  Problem  1. 
Cafe  2.  of  Spheric  Geometry ,  in  Page  ill. 

3.  Reduce  K  to  the  Primitive  Circle  (by  laying  a  Scale  on 
F  and  K,  to  cut  the  Primitive  Circle)  and  ’tis  M  ;  Then  L  M 
meafured  on  the  Chords,  fheweth  how  much  the  Angle  DFE,  or 
BFE,  is  ;  one  Acute,  and  the  other  Obtufe. 

Problem  VIII.  Cafe  4.  To  meafure  an  Angle ,  when  the  containing 
Sides  are  both  Oblique  Circles. 

Example.  Plate  3.  Fig.  12. 

BCDE  the  Primitive  1  f  A 

CHFE  an  Oblique  Circle ,  ar.d  }  Y  ^  Center  given  % 


BGFD  an  Oblique  J  L  x 

To  meafure  the  Angle  DFE,  or  BFE  is  required P 

r.  By  A  and  y;  and  A  and  x,  draw  two  Diameters;  in 
them  find  I  and  K,  the  two  Interior  Poles  of  the  containing 
Sides,  by  Problem  J.  Cafe  3.  of  Spheric  Geometry ,  in  Pages  ill 
and  1 1 2. 

2.  Reduce  thofe  two  Poles,  I  and  K,  (by  laying  a  Scale  on 
the  Angular  Pundt  F,  and  them)  to  cut  the  Primitive  Circle  in 
L  and  M  ;  which  being  meafured  on  the  Chords,  flieweth  how 
much  the  Angle  DFE,  or  BFE,  is ;  one  Acute,  the  other  Ob¬ 
tufe.  Problem 


I  2  I 


I.  Spheric  Trigonometry  Geometric. 


Problem  IX.  To  draw  a  Parallel  Circle. 

Definition.  A  Parallel  Circle  or  a  leffer  Circle,  cutteth  the 
Iphere  into  two  unequal  Parts,  and  lieth  parallel  to  a  Great  Circle. 


In  this  Problem  are  three  Cafes. 


Problem  IX.  Cafe  r.  To  draw  a  Circle  parallel  to  the  Primitive 
Circle ,  at  any  given  Dijlance  from  it ,  or  from  its  Pole. 

'  .  .  '  i 

The  Rule.  With  the  Half-Tangent  of  its  Diftance  from  the 
3ole,  and  one  Foot  on  the  Center  of  the  Primitive  Circle,  draw 
t  Circle,  and  ’tis  done. 


Example.  Plate  3.  Fig.  7. 


BCDE  the  Primitive  Circle,  A  its  Center  given  ;  to  draw  a 
Circle  parallel  to  BCDE,  at  3od.  diftance  from  it,  is  required  ? 

With  the  Half-Tangent  of  6od.  (the  Complement  of  3od.  and) 
its  Diftance  from  the  Pole  of  the  Primitive  Circle)  fet  one  Foot 
n  A  (the  Center,  and  Pole  of  the  Primitive  Circle)  and  de- 
,:ribe  the  Circle  tm'no ,  which  is  parallel,  as  required? 

Problem  IX.  Cafe  2.  To  draiv  a  Circle  parallel  to  a  Right  Circle. 

The  Rule.  1.  From  the  Chords  lay  the  Parallel’s  Diftance 
rom  the  Right  Circle,  or  the  Complement  thereof,  from  one 
he  Poles  of  the  Right  Circle,  both  Ways,  and  note  thofe  two 
darks  on  the  Primitive  Cafe. 

2.  With  the  Tangent  of  the  parallel’s  Diftance  from  the  Pole 
|f  the  Right  Circle,  and  one  Foot  on  each  of  thofe  two  Marks, 
efcribe  Arcs  to  cut  each  other,  in  the  Center  of  the  Parallel 
pircle  required  to  be  drawn. 

Example.  Plate  3.  Fig.  7. 

BCDE  the  Primive  Circle,  and  A  its  Center  ?  • 

BAD  is  a  Right  Circle - S  c  5 

\o  draw  a  Circle  parallel  to  BAD,  at  4 cd  difiance  from  it,  or 
50d.  D  fiance  from  C,  its  Pole  is  required? 

r.  Lay  4od  from  B  to  p ,  and  from  D  to  q ;  or  lay  its  Com- 
lement  50ft.  from  C,  one  of  the  Poles  of  the  Right  Circle  both 
M ays  to  the  faid  p  and  q. 

With  the  Tangent  of  50ft.  and  one  Foot  on  j  ^  j-  make 
ie  Arc y  ;  which  Point  of  Interfe&ion  aty,  is  the  Center  of  the 


arallel  Circle  prq,  required  to  be  drawn. 


Problems 


f 


i  i 

f  ■ 


_ 
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Problem  IX.  Cafe  3.  To  draw  a  Circle  parallel  to  an  Oblique 

Circle. 


The  Rule.  1.  Find  the  Interior  Pole  of  the  given  Oblique 
Circle,  by  Problem  I.  Cafe  3.  in  Pages  m  and  112,  which  re-  I 
duce  to  the  Primitive  Circle,  and  therefrom  lay  the  Parallels  dif-  , 
tance  from  the  Pole  both  Ways,  which  being  reduced  to  the 
Riaht  Circle,  is  the  Diameter  of  the  parallel  Circle. 

2.  Find  the  middle  of  the  faid  Diameter,  which  is  the  Center 
of  the  parallel  Circle  palling  through  thofe  Marks,  and  ’tis  done. 

Example.  Plate  3.  Fig *  n.  v  .  f: 

BCDE  the  Primitive  J  Circle  and  4  A  tits  Center  given.  I 

BFD  the  Oblique  (  l  y  I 

To  draw  a  Cifcle  parallel  to  BFD,  at  4cd.  Diftance  from  it> 
or  5cd.  Diftance  from  its  Pole  is  required  ? 

1.  Find  G  the  Pole  of  the  given  Oblique  Circle  BFD,  by  ; 
Problem  1.  Cafe  3.  of  Spheric  Geometry,  in  Pages  in  and  112. 

2.  Meafure  AG  on  the  Half  Tangents,  and  fuppofe  it  to  be 
qod.  then  add  50  to  it,  and  fubtraft  it  from  50;  the  Sum  Hod.  j 
LyVrom  A  to  k  ;  and  the  Difference  20d.  lay  from  A  toe;  Or,  ; 
thus  ;  reduce  G  to  the  Primitive  Circle,  and  from  it  lay  5od.  j 
both  Ways,  which  reduce  to  the  Right  Circle,  gives  the  fame  j 
Point  k  and  c. 

3.  Find  m  the  middle  between  k  ana  c,  and  on  m  as  a  Center, 
draw  a  Circle  to  pafs  through  k  and  r,  which  is  the  parallel  Circle 

required  to  be  drawn. 

Thus  much  for  Problems  neceflary  for  making  and  meafuring 
Spheric  Triangles ;  which  I  advife  the  Learner  perfe&ly  to  ac¬ 
quaint  him  felt  with,  and  then  the  following  Applications  will  be 
the  better  underftood. 


Se&ion  IT.  The  life  of  the  Nine  proceeding  Problems ,  in  making  any 
"  .Spheric  Triangle,  and  meafuring  its  Parts ,  or  the  Doiirine  oj 
Spheric  Triangles-Geometric. 


Definition  I.  A  Sphere  or  Globe,  is  a  round  Body  made  by  the 
'  T*  moving  a  Semi  circle  about  its  own  Diameter, 

’till  the  Motion  end  where  it  firft  began  :  The  Semicircle’s  Di¬ 
ameter  is  the  Axis  or  Diameter  of  the  Sphere;  in  the  middle 
of  which  is  a  Puna,  called  the  Center,  trom  whence  all  Right 
Lines  drawn  to  the  Surface,  or  Outfide  of  the  Sphere,  are 

eqlf  *  Spheric  Triangle,  is  deferibed  on  the  Surface  of  the 
Sphere,  whefc  Sides  are  the  Arcs  of  three  Great  Circles, 
.  1  inutually 


* 


eft.  II.  Spheric  Trigonometry  Geometric.  123 


LUtually  interfering  each  other ;  and  is  either  Quadrantal, 
eftangular,  or  Obliquangular. 
r  A  Quadrantal  3  f  one  Side 


Triangle  hath 


l  An  Obliquangular  3  ^  no  Side  a  Quadrant, 

r  ood,  nor  any  Angle  90dr 

.  *  T  1  *  T”*  .  ' _ —1  .  _ C  .  .1  m  .n  In  ♦  non  o 


Note  I.  In  every  Spheric  Triangle,  each  Side  is  lefs  than  a 
emicircle,  or  180  Degrees. 

2.  The  Sum  of  any  two  Sides  is  greater  than  the  third  Side. 

3.  The  three  Sides  added  together,  their  Sum  is  lefs  than  360 
•cgrees. 

4.  The  Sum  of  the  three  Angles,  is  ever  more  than  two 
ight  Angles,  or  i8cd.  but  always  lefs  than  fix  Rights,  or  540 


'egrees. 


1 


roblem  X.  The  Hypotenufe ,  and  one  Leg  given  j  to  make  a 
d  .  rj _ /A. 


Rectangular  Spheric  Triangle. 


Note,  To  make  a  Reftangle  Spheric  Triangle,  two  Things, 
(befides  the  Redangle)  muft  be  given. 


Example.  Plate  4.  Fig.  r. 


|  With  them  to  make  a  Reftangular  Spheric  Triangle  is  required  P 

i.  Draw  the  Primitive  Circle  with  the  Chord  ot  6od.  a  Sine  of 
pdt  or  with  a  Half-Tangent  of  9Cd.  and  quarter  it,  which 
uft  be  done  in  every  Problem. 

Then  confider,  whether  one  of  the  Oblique  Angles  {hall  be  at 

e  Primitive  Circle,  or  at  its  Center. 

pitjf.  If  at  the  Center  of  the  Primitive  Circle,  then 

1.  Draw  (by  Problem  9.  Cafe  I,  of  Spheric  Geometry')  a  Circle 
irallel  to  the  Primitive,  at  54d.  25m.  (the  given  Hypotenufe) 
ifranoe  from  its  Pole ;  that  is,  with  the  Half-T  angent  of 
pd.  25m.  and  one  Foot  on  A  (the  Center  of  the  Primitive  Cir- 
;e)  deferibe  a  Circle. 

2.  Then  (by  the  2d  Cafe  of  the  aforefaid  Problem)  draw  a 


ircle  parallel  to  a  Right  Circle,  at  23d.  29m.  (the  given  Leg) 


fiance  from  it ;  thefe  two  parallel  Circles  cut  each  other  in  C. 

3,  Through  A  and  C,  draw  a  great  Circle,  which  in  this 
afe  is  a  Right  Circle,  that  is,  a  Diameter  5  And  from  C  (by 
Roblem.  5.  Cafe  1.  of  Spheric  Geometry  in  Page  1 1 5.)  draw 
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a  Great  Circle,  perpendicular,  or  at  Right  Angles  to  AB,  which 
in  this  Cafe  will  be  an  Oblique  Circle,  and  ’tis  done. 

Or, 

Secondly,  To  make  the  Triangle,  that  one  of  its  Oblique  An¬ 
gles  may  be  at  the  Primitive  Circle. 

j.  The  Circle  being  defcribed,  and  quartered  as  before  di¬ 
rected  ;  Then, 

2.  Draw  (by  Problem  9.  of  Spheric  Geometry)  a  Circle  parallel1 
to  a  Right  Circle,  at  54d.  25m.  diftant  from  A  its  Pole. 

3.  And  by  the  aforefaid  Problem  draw  a  Circle  parallel  to  the 
Primitive  Circle,  at  23d.  29m.  diftant  from  it,  that  is,  take^ 
66d.  31m.  from  the  Scale  of  Half-Tangents,  and  with  one  Foot 
on  the  Center  draw  a  Circle,  to  cut  the  former  Parallel  Circle 
in  C. 

4.  Then  through  A  and  C  draw  a  Great  Circle,  which  in 
this  Cafe  will  be  an  Oblique  Circle  ;  and  from  C  (by  Problem  5. 
Cafe  1.  of  Spheric  Geometry,  in  page  114.)  draw  a  Great  Circle 
perpendicular  to  AB;  which  in  this  Cafe  will  be  a  Right  Circle, 
and  ’tis  done. 

To  meafure  the  Things  required. 

Thr  5  LeS  A 13  - ■ - is  \  meafured  )  7.  page  117. 

(  Angles  BAC  and  ACB  are  £  b y  Prob.  J  8.  page  1 18,  1 19. 


Problem  XI. 


The  Hypotenufe  and  one  Angle  given  ,  to  make  a 
Triangle. 


2. 


Example.  Plate  4.  Fig.  „ 

Thp  5  Hypotenufe  AC  54d.  25m.  ) 
he  }  Angle  BAC  -  29d.  3om.  f  §lven  5 
Vvith  them  to  make  a  Rectangular  Spheric  Triangle,  is  required 


Firfl,  To  make  the  Triangle,  that  the  given  Angle  BAC  may 
be  at  the  Primitive  Circle’s  Center.  1 

1.  Having  defcribed  the  Primitive  Circle,  and  quarter’d  it,  as 
betore  d. reded  in Problem  10.  make  the  Angle  BAC  equal  to 
pp  f  by.  Problem  2.  Cafe  J.  in  page  112.  of  Spheric 
Geometry)  that  is,  from  the  Scale  of  Chords,  lay  29d.  30m.  on 
1  u  i  iimiuve  Circle,  and  therefrom  draw  a  Line  through  A,  the 
i  enter  of  the  Primitive  Circle.  °  ’ 


.'enter  of  the  Primitive  Circle. 

2.  Make  AC  equal  to  54d.  25m.  (by  Problem  6.  Cafe  2.  ir 
page  i  1  6.  of  Spheric  Geometry)  that  is,  from  the  Scale  of  Half 
i  angents  lay  54d.  25m:  from  A  to  C. 

3.  By  Problem  5.  Cafe  3.  in  page  1 15.  draw  a  Great  Circle  thro 

C. 
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,  perpendicular  unto  AB,  to  cut  the  Right  Circle  AB  in  B  ; 
hich  in  this  Cafe  is  an  Oblique  Circle ,  and  ’tis  done. 

Secondly ,  To  make  the  Triangle  To,  that  the  given  Angle  may1 
>  at  the  Primitive  Circle. 

1.  After  the  Primitive  Circle  is  made,  and  quarter’d  as  before, 
t  A  be  one  of  thofe  Marks  or  Quarters  ;  then  (by  Problem  2. 
afe  2.  in  page  112.)  make  the  Angle  at  A  equal  to  2gd.  3cm. 
f  drawing  an  Oblique  Circle  with  the  Secant  of  the  given  Angle, 
i  is  the  Oblique  Circle  AC. 

2.  Then  [by  Problem  6.  Cafe  3.  in  page  1 1 7. )  lay  54d.  25m. 
a  the  Oblique  Circle  from  A  to  C ;  Or  draw  (by  Problem  9. 
afe  2.  in  p3ge  121.)  a  Circle  parallel  to  a  Right  Circle  at  54d, 
5m.  diftant  from  A  its  Pole,  to  cut  the  Oblique  Circle  AG 
1  C. 

3.  By  Problem  5.  Cafe  I.  in  page  114,  draw  a  Circle  from 
,  perpendicular  to  the  Primitive  Circle  AB,  to  cut  AB,  in  B ; 
hich  in  this  Cafe  is  a  Right  Circle,  and  ’tis  done. 

To  meafure  the  Things  required. 

'he  \  AnfleAACB  — "  j  meatodby  iV.S.  j  £  ( 

rob.  XII.  A  Leg ,  and  its  adjacent  Angle  given  ; 

Triangle.  Example.  Plate  4.  Fig.  3. 

\  Leg  AB  - 5od.  30m 

/  Angle  BAC 


page  1 17. 
page  119. 
to  make  a 


The 


given 


29d.  30m. 

Vith  them  to  make  a  Reftangle  Spheric  Triangle  is  required? 

Firjf,  To  make  the  Triangle,  that  the  given  Angle  (BAC) 
ay  be  at  the  Primitive  Circle’s  Center. 

1.  The  Primitive  Circle  being  defcribed,  and  quarter’d  as 
i;fore,  and  A  placed  at  its  Center;  then  (by  Problem  2.  Cafe  1  ; 
i  page  1 1 2.  of  Spheric  Geometry )  make  the  Angle  BAC  equal  to 
gd.  30m.  by  drawing  the  Right  Circle  AC. 

2.  By  Problem  6.  Cafe  2.  in  page  116.  make  AB  equal  to 
lod.  30m.  that  is,  from  the  Scale  of  Half-Tangents,  lay  5od. 
ora.  on  the  Right  Circle  from  A  to  B. 

3.  By  Problem  5.  Cafe  3.  in  page  115.  draw  through  B,  an 
•blique  Circle  BC,  perpendicular  to  the  Right  Circle  AB,  to  cut 
ie  Right  Circle  AC  in  C,  and  its  done.  Or  thus, 

From  the  Scale  of  Secants,  take  396.  30m.  (the  Complement 

AB  50d.  30m.  (fetting  one  Foot  in  B,  the  other  Foot  marks 
ut  (on  the  Right  Circle  AB  extended)  the  Center  of  the  Oblique 
ircle  BC,  which  concludes  the  Triangle. 

Secondly,  To  make  the  Triangle  fo,  that  the  given  Angle  may 
:  at  the  Primitive  Circle. 

1.  A 


.I 


r; ' 


f  j} 


7 
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1.  A  being  on,  or  at  the  Primitive  Circle,  then  by  Problem  5 
Cafe  2.  in  Page  1 12.)  make  the  Angle  BAC  equal  to  29c!.  300 
by  drawing  the  Oblique  Circle  AC,  with  the  Secant  thereof. 

2.  By  Problem  6.  Cafe  1.  in  Page  116.  makes  AB  (on  th 
Primitive  Circle)  equal  to  50d.  30m.  by  laying  the  Chord  of 
from  A  to  B. 

3.  By  Problem  5.  Cafe  1.  in  Page  114.  draw  a  Great  Crrc! 
from  B,  perpendicular  to  AB,  as  the  Right  Circle  BC,  to  cu 
the  Oblique  Circle  AC  in  C,  and  ’tis  done. 

To  meafure  the  Things  required . 
rp^e  ^  Leg  BC,  and  Hypot.  AC  are 


Angle  ACB- 


1S 


|  meafured  by  Prob.  j  j 


in  Pages  1 18  and  120 

Problem  XIII.  A  Leg  and  its  oppofite  Angle  given  ;  to  make 

Triangle. 

Example.  Plate  4.  Fig.  2. 

The  J  LeS  BC  -  23d-  29m>  I 

l  Angle  BAC  2qd.  30m.  ( 


given; 


With  them  to  make  a  Rectangular  Spheric  Triangle  is  required 

Firjl ,  To  make  the  Triangle,  with  the  given  Angle  at  the 
Primitive  Circle’s  Center. 

1.  The  Primitive  Circle  drawn,  &e.  as  before,  and  A  atjtr 
Center,  (by  Problem  2.  Cafe  1.  in  Page  112.)  make  the  Angle 
BAC  equal  to  2qd.  30m.  by  drawing  two  Right  Circles  AB. 
and  AC. 

2.  O raw  (by  Problem  q.  Cafe  2.  in  Page  1 2 1.)  a  Parallel  Cir¬ 
cle,  parallel  to  the  Right  Circle  AB,  at  23d.  29m.  diitance  frorr 
it,  to  cut  AC  in  C.  x 

3.  From  C  (by  Problem  5.  Cafe  3.  in  Page  115)  draw  ar 
Obiique  Circle  BC,  perpendicular  to  the  Right  Circle  AB  to  eul 
AB  in  B,  and  ’tis  done. 

Secondly ,  to  make  the  Triangle,  that  the  given  Angle  may  be 
at  the  Primitive  Circle.  1 

1.  A,  being  at  the  Primitive  Circle,  (by  Problem  2.  Cafe  2.  \t 
Page  1 12.)  make  the  Angle  BAC  equal  to  2qd.  30m.  by  draw¬ 
ing  the  Oblique  Circle  AC,  with  the  Secant  thereof. 

2.  By  Problem  9.  Cafe  1.  in  Page  121.  draw  a  Parallel  Circle, 
parallel  to  the  Primitive  Circle  AB  at  23d.  29m.  diftance  from  it, 
to  cut  the  Oblique  Circle  AC  in  C:  Or  thus,  with  the  Half- 
Tangent  of  66d.  31m.  (the  Complement  of  23d.  29m.)  and  one 
Foot  in  the  Center  of  the  Primitive  Circle,  with  the  other  cut  the 
Oblique  Circle  in  C. 

3.  FromC  (by  Problem  5.  Cafe  1.  in  Page  114.  draw  a  Right 

Circle 
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ircle  BC,  perpendicular  to  the  Primitive  Circle  AB,  to  cut  AB 
B,  and  ’tis  done. 


To  meafure  the  Things  required. 


1  pages  117,  1 1 8  and  1 1 9. 

Problem  XIV.  Both  Legs  given  j  to  make  a  Spheric  Triangle. 


Example.  Plate  4.  Fig.  5. 


Vith  them  to  make  a  Rectangular  Spheric  Triangle  is  required  ? 

Firjl,  To  make  the  Triangle,  that  one  of  the  Oblique  Angles 
lay  be  at  the  Primitive  Circle’s  Center. 

1.  A,  being  at  the  Center  of  the  Primitive  Circle,  draw  the 
light  Circle  AB,  and  thereon  (by  Problem  6.  Cafe  2.  in  page 
16.)  make  AB  equal  to  5od.  30m.  by  laying  the  Half-Tangent 
lereof  from  A  to  B. 

2.  From  B  (by  Problem  5.  Cafe  3.  in  Page  115.)  draw  an 
)blique  Circle  BC  perpendicular  to  AB  :  Or  thus, 

With  the  Secant  of  39d.  30m.  (the  Complement  of  5od.  3cm.) 
nd  one  Foot  on  B,  the  other  Foot  marks  out  (in  the  Right 
lircle  AB  extended)  the  Center  of  the  Oblique  Circle  BC. 

3.  Draw  (by  Problem  9.  Cafe  2.  in  Page  121.)  a  Parallel 
Circle,  parallel  to  the  Right  Circle  AB,  at  23d.  29m.  diflance 
om  it,  to  cut  the  Oblique  Circle  BC  in  C  :  or  thus, 

By  Problem  6.  Cafe  3.  in  Page  117.  lay  23d.  29m.  on  the 
)blique  Circle,  from  B  to  C. 

4.  Through  A  and  C  draw  a  Great  Circle ;  which  in  this  Cafe 
li  a  Right  Circle,  and  ’tis  done. 

Secondly ,  To  make  the  Triangle,  that  one  of  the  Oblique 
ingles  may  be  at  the  Primitive  Circle. 

1.  By  Problem  6.  Cafe  1.  in  Page  116.  make  AB  equal  to  5od. 
jom.  by  laying  the  Chord  thereof  on  the  Primitive  Circle,  from 
t  to  B. 

2.  From  B  (by  Problem  5.  Cafe  I.  in  Page  114)  draw  a 
Ireat  Circle  perpendicular  to  the  Primitive  Circle,  which  in  this 
)afe  is  a  Right  Circle)  as  BC. 

3.  Draw  (by  Problem  9.  Cafe  1.  in  Page  121.)  a  Parallel  Cir- 
le,  parallel  to  the  Primitive  Circle  AB,  at  23d.  29m.  diflance 
rom  it,  to  cut  the  Right  Circle  BC  in  C  :  Or  thus. 

From  the  Scale  of  Half-Tangents,  lay  66d.  31m.  (the  Com- 
lement  of  23d.  29m.)  from  the  Center  of  the  Primitve  Circle, 
n  the  Right  Circle  to  Q 


4.  Through 


4  ,  4 


f 


^afiL 
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4.  Through  A  and  C,  draw  a  Great  Circle ;  which  in  this 
Cafe  is  an  Oblique  Circle ,  and  ’tis  done. 

To  meafure  the  Things  required. 

\  Hypotenufe  A  C  -  is 


\  Angles  BAC,  and  ACB  are  }  ^eafured  by  Problem  j  £  J 
in  pages  1 1 7,  118,  1 19. 


Problem  XV.  Both  the  Angles  given  ;  to  wake  a  Spheric  T ri angle. 

Example.  Plate  4.  Fig.  6.  ' 

The  Angle  j  ^CB  7 ?d!  56m!  |  g'ven  i 
With  them  to  make  a  Re&angle  Spheric  Triangle  is  required  ; 

1.  By  Problem  2.  Cafe  2.  in  page  H2,  make  the  Angle 
BAC  equal  to  2qd.  30m.  by  drawing  the  Oblique  Circle  A  B, 
with  the  Secant  thereof. 

2.  Find  1,  the  Pole  of  the  Oblique  Circle  A  B,  by  Problem  1. 
Cafe  3.  in  pages  in  and  112. 

3.  Through  I  (by  Problem  3.  in  page  113.)  draw  an  Oblique 
Circle  IBC,  that  the  Angle  ACB  may  be  7 id.  56m.  which  will 
cut  the  Oblique  Circle  A  B  in  B  the  Rectangle,  and  the  Primi¬ 
tive  Circle  in  C,  and  fo  conclude  the  Re&angle  Spheric  Triangle 
ABC,  required  to  be  made. 

To  meafure  the  Things  required. 

The  Hypotenufe  A  C,  and  Legs  A  B,  and  A  C,  are  meafured 
by  Problem  7.  ot  Spheric  Geometry ,  in  pages  117  and  118. 

Thus,  All  the  Cafes  of  Redhangular  Spheric  Triangles  may  be 
defcribed,  and  refolved  by  the  laft  Six  Problems:  In  like  man¬ 
ner,  the  Cafes  of  Oblique  Spheric  Triangles  may  be  Geometri¬ 
cally  folved  by  the  Six  following. 


Problem  XVI. 


to 


Two  Sides,  and  an  Angle  oppofte  given ; 
make  an  Oblique  Spheric  Triangle. 

Note-,  To  make  an  Oblique  Spheric  Triangle,  three  Things 
mull  be  given. 

Note  alfo ,  The  Angle  oppofite  to  the  other  given  Side  ought  to 
be  foreknown,  whether  Acute  or  Obtufe  ;  otherwife  two  lever al 
Triangles  may  be  made  from  the  given  Things. 

Example.  Plate  4.  Fig.  7. 

f  Side -  AC  34<J.  07m.  ^ 

The  d  Side - -AD  63d.  20m.  C  given; 

CAngleADC  27d.  30m 


With  them  to  make  a  Spheric  Triangle  (fo  the  Angle  AC  D 
may  be  Obtufe)  is  required  l 

On 


1. 
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1.  On  the  Primitive  Circle,  make  AD  (the  given  Side  joining 
5  the  given  Angle)  equal  to  6fd.  20m.  by  Problem  6.  Cafe  I. 
f  Spheric  Geometry,  in  page  1 16. 

2.  By  Problem  2.  Cafe  2.  in  page  112.  make  the  Angle  ADC 
qual  to  27d.  30m.  by  dra*wing  the  Oblique  Circle  DC,  with 
tie  Secant  thereof. 

3.  Draw  (by  Problem  9.  Cafe  2.  in  page  121)  a  Parallel 
lircle  at  34d.  07m.  diftance  from  A,  to  cut  the  Oblique  Circle 
)C,  in  C. 

4.  Through  A  and  C,  draw  a  great  Circle,  and  ’tis  done. 

To  meafure  the  Things  required. 

H£"-'^CAP,,nJACDai;  \  {1} 

1  Pages  1 1 8  and  1 19. 


roblem  x  7.  Two  Angles ,  and  one  Side  oppofite  given  ;  to  make  an 
Oblique  Spheric  driangle. 

Example.  Plate  4.  Fig.  8. 

C  Angle  CAD  3od.  48m.  1 
The  ■<  Angle  ADC  27d.  30m.  >  given ; 

(.Side  CD  —  38d.  28m.  3 

With  them  to  make  an  Oblique  Spheric  Triangle,  fo  that  the 
ide  AC  may  be  lefs  than  a  Quadrant,  or  9od.  is  required  ? 

1.  By  Prob.  2.  Cafe  2.  in  page  1 12.  make  the  Angle  ADC 
]ual  to  2jd.  30m.  (always  the  Angle  joining  to  the  given  Side) 
y  drawing  the  Oblique  Circle  DC,  with  the  Secant  of  it. 

2.  Draw  (by  Prob.  9.  Cafe  2.  in  page  121.)  a  parallel  Circle 
3§d.  28m.  diftance  from  D,  to  cut  the  Oblique  Circle  DC, 
C. 

3.  Then  through  C  (by  Prob.  3.  in  page  113.)  draw  a  great 
ircle  to  make  an  Angle  at  the  Primitive  Circle  that  may  be  equal 
>  3od.  48m.  as  is  the  Oblique  Circle  CA,  and  it’s  done. 

To  meafure  the  Things  required. 

The  Angl ^  ACD }  meafured  by  Prob.  j  £  j 

1  pages  1 18  and  119.  , 

Note  ;  In  thefe  two  laft  Problems,  the  three  given  Things  with- 
it  the  Quality  of  a  Fourth,  are  not  fufficient  to  determine  the 
riangle  ;  And  the  Quality  of  the  Fourth  is  not  always  difcover- 
>le  by  the  given  Things ;  therefore  they  are  called  Doubtful  Cafes . 


rob,  18. 


Two  Sides  and  one  Angle  betiveen  them  given ;  to  make, 
an  Oblique  Spheric  Triangle . 


Example 


idSi 


I3O 


Spheric  'Trigonometry  Geometric.  Chap.  V, 


Example, 
f  Side  - 
The  S  Side  • 


Plate  4.  Fig.  g. 

- AC  34d.  06m.  1 

AD  63d.  20m.  r  given; 


L  Angle  —  CAD  3od.  46m.  3 
With  them  to  make  an  Oblique  Spheric  Triangle  is  required  ? 

X.  By  Problem  2.  Cafe  2.  in  Page  1 12.  make  the  Angle  CAD 


equal  to  3od.  46m.  by  drawing  the  Oblique  Circle  AD  with  the  Se 
cant  thereof. 

Make  AC  (on  the  Primitive  Circle)  equal  to  34d.  o6m.*and 


AD  (on  the  Oblique  Circle )  equal  to  63d.  20m.  by  Problem  6. 
Cafe  1  and  3.  in  Pages  1 16  and  r  17. 

3.  Through  C  and  D,  draw  a  Great  Circle  and  ’tis  done. 

To  meafire  the  Things  required. 

Thc  |  Angles  ACD^and  ADC  are  }  ">«fured  by  MS.  {  £  } 
in  pages  118  and  1 19.  J 

Problem  19.  Two  Angles ,  and  one  Side  between  them  given  ;  to  make 
an  Oblique  Spheric  Triangle. 

Example.  Plate  4.  Fig.  10.  1 

C  Angle  ACD  I3id.  34m.! 

The  s  Angle  ADC  2yd.  30m.  ?■  given ; 

C.  Side  —  CD  3&d.  28m.  J 

With  them  to  make  an  Oblique  Spheric  Triangle  is  required  ? 

1.  On  the  Primitive  Circle,  make  CD  equal  to  38d.  28m.  the 
given  Side,  by  Problem  6.  Cafe  1.  in  Page  1  x  6. 

2.  At  D  (by  Prob.  2.  Cafe  2.  in  Pages  1 12  and  1 13)  make  the 
Angle  ADC  equal  to  2yd.  30m.  by  drawing  the  Oblique  Circle  DA 
and  at  C,  make  the  Angle  ACD  equal  to  1 3 1 d .  34m.  by  drawing 
the  Oblique  Circle  AC,  and  ’tis  done. 

To  meafure  the  Things  required. 

rp,  (  Sides  AC,  and  AD  are 7  r  ..  D  i  17-  ?  ■ 

Tne  \  Angle  CAD  - jmeafured  by  Prob.  j  £  J  1 

Pages  118  and  1 19. 

Problem  20.  Three  Sides  given ;  to  make  an  Oblique  Spheric  Triangle 
Example.  Plate  4.  Fig.  11. 

C  AD  63d.  20m.  1 
The  Side  s  CD  33d.  26m.  >  given  ; 

L  AC  34d.  08m.  3 

With  them  to  make  an  Oblique  Spheric  Triangle  is  required  ? 

1.  On  the  Primitive  Circle  make  AD  equal  to  63d,  20m.  (th 
g:  eater  given  Side)  by  Prob.  6.  Cafe  2.  in  Page  116. 

2.  Draw  (by  Prob.  9.  Cafe  2.  in  Page  121.)  a  Parallel  Circle 
at  34d.  08m.  diftance  from  A  ;  and  likewife  another  at  38d.  26m 
distance  from  U}  to  cut  each  other  in  C. 

3.  ThroJgl 


in 
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3.  Through  A  and  C,  and  alfo  D  and  C,  draw  Great  Circles, 
inch  will  form  the  Spheric  Triangle  required. 

To  meafure  the  Things  required. 

1.  Find  (by  Problem  1,  in  pages  in  and  112.)  the  Poles  of 
e  three  Sides  of  the  Triangle  ACD  ;  that  is,  E  the  Pole  of  AD, 
the  Pole  of  AC,  and  G  the  Pole  of  CD. 

2.  Through  F  and  G,  draw  a  Great  Circle,  of  which  the  an- 
i.lar  Point  C  is  its  Pole,  and  you  will  form  the  Triangle  EFG. 

3.  *The  Sides  of  the  Triangle  EFG,  are  equal  to  the  Angles  of 
e  Triangle  ACD  ;  and  the  Angles  of  the  firft,  are  equal  to  the 
les  of  the  latter,  only  the  greater  Angle  in  the  one,  is  equal  to 
;  Supplement  (of  the  greater  Side  in  the  other)  to  a  Semi-circle. 
That  is ;  the  Side  EF  is  equal  to  the  Angle  CAD,  the  Side  EG 
equal  to  the  Angle  ADC,  and  the  Side  FG  is  equal  to  theSup- 
ment  to  i8od.  of  the  Angle  ACD. 

4.  The  Sides  EF,  EG,  and  FG,  are  meafured  by  Problem  7, 
pages  1 17  and  118. 

»blem  21.  Three  Angles  given ;  to  make  an  Oblique  Spheric  Triangle* 

Example.  Plate  4.  Fig.  it. 
f  CAD  I3id.  34m.  1 
The  Angle  s  ACD  3od.  45m.  >  given  ; 

CADC  2yd.  30m.  3 

ith  them  to  make  an  Oblique  Spheric  Triangle,  is  required  ? 
ji.  Suppofe  a  Triangle  EFG,  whofe  Sides  are  equal  to  the  An- 
s  of  the  Triangle  ADC  ;  that  is,  the  Side  EF  equal  to  48d. 
in.  the  Supplement  to  i8od.  of  the  Angle  CAD  equal  to  1 3 id. 
n.  and  the  Side  EG  equal  to  the  Angle  ACD  3od.  45m.  and 
Side  FG  equal  to  the  Angle  ADC  2yd.  30m. 

2.  Then  conftrudt  the  Triangle  EFG  with  the  Sides  EF,  EG 
l  FG,  as  before  in  the  laft  Problem. 

}.  Find  (by  Problem  1.)  the  Poles  of  the  three  Sides  of  the 
iangle  EFG ;  that  is,  A  the  Pole  of  EF,  C  the  Pole  of  EG, 

1  D  the  Pole  of  FG. 

;(..  Through  C  andD,  draw  a  Great  Circle,  of  which  the  an* 
jar  Point  G  is  its  Pole,  which  will  form  the  Triangle  ACD  re- 
red  to  be  made. 

To  meafure  the  Things  required, 
fhe  Sides  AC,  AD,  and  CD,  are  meafured  by  Problem  7,  in 
;es  1 17  and  1 18. 

Thus  much  I  thought  necelTary  as  preparative  to  Spheric 
gonometry  by  Calculation,  that  the  Learner  might  know 

J  2  how 


I 
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hAw  to  make  or  conftrutt,  and  meafure  a  Spheric  Triangle,  or 
any  of  its  Parts;  a  thing  not  taught  by  many,  nor  well  under- 
ftood  by  more,  who  pretend  to  be  Teachers,  to  the  great  Dilad- 
vantage  of  the  ingenious  Scholar 


Se£lion  III.  Of  the  Affeaions,  or  Natural  Properties 
of  Spheric  Triangles. 

THefe  Affeaions  are  carefully  to  be  minded,  in  order  to  the 
understanding  what  may  be,  and  what  may  not  be  given  or 
required  in  a  Spheric  Triangle  ;  and  having  already  given  you  the 
feveral  Definitions  of  a  Sphere,  and  the  Circles  of  it,  w.th  the 
Kinds  of  Triangles  relative  thereto,  which  I  will  not  here  repeat 
I  pafs  on  to  the  Affeaions  of  Spheric  Triangles ,  as  follow. 

i.  Every  Side  of  a  Spheric  Triangle  is  an  Arc  of  a  Grea 

Circle,  and  is  lefs  than  a  Semi-circle. 

2.  Every  Great  Circle  divides  the  Sphere  or  Globe  into  twc 

equal  Parts  or  Hemifpheres.  ,  A  ,[ 

Any  two  Great  Circles  cutting  each  other,  the  Angle 

which  are  oppofite  and  contrary,  are  equal  to  one  another. 

4.  The  Sum  of  any  two  Sides  (of  a  Triangle)  is  greater  thai 

the  third  Side.  ,  ,  * 

5.  The  Sum  of  the  three  {  Angles}  is  lefs  ,ha"  \  54od'.  b»> 

more  than  i8od. 

6.  Any  two  Sides  added  together,  their  Sum  is  lefs  than  th 

Difference  between  the  third  Side  and  1 8od.  But, 

Any  two  Angles  added  together,  their  Sum  is  more  than  tli 
Difference  between  the  third  Angle  and  i8od. 

7.  In  a  Re&angular  Triangle,  the  Legs  and  their  oppoln 
Angles  are  of  the  fame  Affeftion ;  that  is,  if  a  Leg  be  more,  c 
lefs  than  a  Quadrant,  its  oppofite  Angle  it  likewife  more,  or  le 

£han  a  Right  Angle.  ~  ,  , 

8.  In  a  Rectangular  Triangle,  if  one  Leg  be  a 1  Quadrant, ,  tl 

Hvrotenufe  will  be  a  Quadrant  ;  but  if  both  Legs  be  of  t) 
fame  AfftRion ,  the  Hypotenufe  is  lefs  than  a  Quadrant ;  if 
different,  ’tis  more  ;  and  on  the  contrary,  if  each  of  the  Legs  1 
lefs,  or  more  than  god.  the  Hypotenufe  is  lefs  than  qod.  B 
if  one  Leg  be  more  than  god.  and  the  other  lefs,  the  Hypotenu 

is  more  than  9od. 

9.  If  the  Hypotenufe  be  }  ^re  }than  9od-  one  LeS>  and  1 

t  lefs  than  god.  the  other  may,  or  not 
oppofite  Angle  will  be  j  merej  aiu|  the  other  lefs  than  god. 

1 


10. 
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10.  If  both  Angles  at  the  Hypotenufe  are  Acute,  or  Obtufe, 
he  Hypotenufe  is  lefs  than  a  Quadrant ;  but  if  one  be  Acute, 
ind  the  other  Obtufe,  the  Hypotenufe  is  more  than  a  Quadrant. 

11.  In  every  Triangle,  greateft  Sides  are  oppofite  to  greateft 
Andes,  and  equal  Sides  to  equal  Angles. 

c  Acute  7 

12.  In  every  Oblique  Triangle,  two  j  Obtufe  f  Angles  beingequal 

C  lefs  7 

.heir  oppofite  Sides  are  equal,  and  each  j  mQre  >  than  a  Quadrant 

13.  If  two  |  Obtufe  \  ^n^es  are  uneclua'i  Side  oppofite 

0  the  {  greater  |  AnSlefhjlll>e  {  morc}than  a  Q-Uadrant- 

14.  All  the  Angles  Acute,  each  Side  is  lefs  than  a  Quadrant. 
Thefe  Things  being  premifed  their  Solution  followeth  ;  and 

lift  o f  Rectangular  Spheric  Triangles ,  in  which  are  16  Cafes,  and 
hen  Oblique-angled  SphericTriangles ,  in  which  are  12  Cafes. 

>e£tion  IV.  The  Solution  of  the  1 6  Cafes  of  Redlangular  Spheric 
Triangles,  by  the  Lord  Napier’ j  Catholic  Proportion. 

t.  |N  aReftangular  Triangle,  there  are  (befides  the  Right-angle) 
five  Things,  which  the  Lord  Napier  calleth  the  Five  rir- 
:ular  Parts  of  a  Speric  Triangle,  amongft  which,  the  Right-angle 
lot  being  reckoned,  the  two  Legs  are  fuppofed  to  join  together. 

2.  Any  one  of  thefe  five  circular  Parts,  may,  (by  Suppofition) 
be  made  a  middle  Part,  and  then  the  two  Circular  Parts,  which 
tre  next  to  that  middle  Part,  are  the  Extremes  Conjunct;  And 
the  other  (two  circula'r  Parts)  remote  from  the  (affirmed  middle 
’art)  are  the  Extreams  Disjunct. 

3.  In  every  Cafe,  two  of  the  aforefaid  five  circular  Parts  are 
(always)  given,  to  find  a  third;  of  thefe  three  Things  (two  given 
ind  one  required)  one  is  middle  Part,  and  the  other  two  are  Ex¬ 
treams,  either  Conjunct  or  Disjunct. 

The  Parts  of  a  Re&angular  Triangle  being  thus  diftinguiflied, 
obferve  the  Univerfal  Propofition  following,  invented  by  the 
aforefaid  Lord,  the  Inventor  of  Logarithms. 

The  Catholick  Propofition. 

The  Sine  of  the  middle  Part  and  Radius,  are  reciprocally  pro¬ 
portional  with  the  Tangents  of  the  Extreams  Conjunct :  and  with 
the  Sine  Complements  of  the  Extreams  Disjunct :  That  is, 

I  3  1.  Foi 


iv '  ! 

I 
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1.  For  Extreams  Conjunct,  thus; 

As  the  Radius,  is  to  the  Tangent  of  one  Extream  ;  fo  is  thi 

Tangent  of  the  other,  to  the  Sine  of  the  middle  Part:  And, 

2.  For  Extreams  Disjunct,  thus; 

As  the  Radius,  is  to  the  Sine  Complement  of  one  Extream, 

is  the  Sine  Complement  of  the  other,  to  the  Sine  of  the  middl 

Part:  Therefore,  . 

Note  ;  When  the  middle  Part  is  to  be  found,  the  Radius  is  to  b 
the  i ft  Term  in  the  Proportion,  as  above  ;  But  it  either  of  the  Ex 
treajns  be  required,  the  other  Extream  muft  be  the  fir  ft  I  erm 

That  is,  _ 

3.  For  Extreams  Conjunct,  thus ; 

As  the  Tangent  of  the  given  Extream,  is  to  the  Radius;  fo  1 
the  Sine  of  the  middle  Part,  to  the  Tangent  of  the  required  Ex 
tream ;  And, 

4.  For  Extreams  Disjundh,  thus; 

As  the  Sine  Complement  of  the  given  Extream,  is  to  the  Ra 
dius ;  fo  is  the  Sine  of  the  middle  Part,  to  the  Sine  Complemen 
of  the  required  Extream  ;  But, 

Note  1.  That  if  the  middle  Part,  or  either  of  the  Extream 
Conjunft  be  the  Hypotenufe,  or  either  of  the  Oblique  Angles 
inftead  of  Sine,  and  of  Tangent,  you  muft  ufe  the  Sine  Com 
plement,  and  Tangent  Complement. 


A  TABLE  of  all  the  Varieties  of  Extreams 
Conjunct,  and  Disjunct. 


Number. 

Middle  Part. 

Ext.  Conjunct. 

Ext .  Disjunct. 

I 

Sine  AB 

Tang.  —  BC 
Tang.  c.  BAC 

Sine  ACB 

Sine  AC 

2 

Sine  c.  BAC 

1'ang.  0.  AC 
Tang.  —  AB 

Sine  c.  BC 

Sine  ACB 

3 

Sine  c.  AC 

Tang.  c.  BAC 
Tang.  c.  ACB 

Sine  c.  BC 

Sinec.  AB 

4 

Sinec.  ACB 

Tang.  c. — AC 
T  ang.' - BC 

Sine  BAC 

Sine  c.  AB 

5 

Sine  BC 

Tang. - AB 

Tang.  c.  ACB 

Sine  BAC 
Sine  AC 

- , - - - — r 

2. 
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2.  If  either  of  the  Extreams  Disjunct  be  the  Hypotenuse,  or 
ither  of  the  Oblique  Angles,  inftead  of  Sine  Complement,  you 

nuft  ufe  the  Sine.  * 

And  for  the  eafier  underftanding  thefe  Directions,  obferve  the 
ore^oino-  Table,  wherein  are  placed  the  five  Circular  Parts  of  a 
tedtangular  Spheric  Triangle,  under  their  refpeftive  Titles,  whe- 
her  they  be  taken  for  the  middle  Part,  or  for  Extreams,  either 
SonjuncI  or  Disjunct ;  and  unto  thofe  Parts  are  prefixed.  Sine, 
line  Complement,  Tangent,  and  Tangent  Complement;  as  they 
,ught  to  be,  and  are  ufed  in  the  Cafes  following. 


’roblem  1.  Cafe  1,  2  and  3.  The  Hypotenufe,  and  one  Leg,  given. 


To  find 


S3 


Ti.  jSSSS}**.*-1" 

L  Other  Leg. 

Example.  Plate  4.  Pig.  1. 


In  the  Rectangular  Spheric  Triangle  ABC,  there  is  given. 

The  [  ?yp0t-  vn  5+a‘  2Sm*  £AC;PiSAC  [required  ; 

1  ne  J  Leg  BC  23d.  29m.  S  and  AB  —  )  H 

This  Triangle  is  made  by  Problem  to,  of  Spheric  Trigonometry 
reometric,  in  pages  123  and  124.  , 

X.  For  the  contained  Angle  ACB,  or  Angle  adjacent  to  the 
•iven  Leg,  the  Proportion  is  ; 

As  the  Radius,  is  to  the  Tangent  of  the  given  Leg ;  fo  is  the 
rangent  Complement  of  the  Hypotenufe,  to  the  Sine  Comple- 
nent  of  the  adjacent  Angle  required.  Or  thus, 

tadius  ..  T.  Leg  BC  :  ;  T.c  Hypot.  AC  ..  S.  c.  Angle  ACB. 
r.45d.  ..  T. 23d. 29m.  :  :  T.  35d.  35m.  -S.  i8d.  07m 
vhich  fubtraCt  from  qod.  refts  7  id.  53m.  for  the  Angle  ACB. 

Therefore  the  Extent  (on  the  Gunter’ s  Scale)  from  Tangent  or 
^d.  to  Tangent  of  23d.  29m-  reacheth  from  Tangent  35fj*  3  5 111  - 
o  the  Tangent  178.  15m.  againft  which,  on  the  Line  of  Sines,  is 
t8d.  07m.  the  4th  Term  in  the  Proportion  above, 

Note  ;  The  Hyp.  and  given  Leg  j  ^  J  more  '  ^  other|  kfs 

•  ,  ,  ,  .  (  Acute, 

han  a  Quadrant,  or  908.  the  required  Angle  is|  Qbtufe> 

2.  For  the  Angle  BACoppofite  to  the  given  l  eg,  the  Propor- 
ion  is  thus  ; 


!  •••;  ■ 


i  p  \  Jr: 

I  }  1 


^T.r 
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As  the  Sine  of  the  Hypotenufe,  is  to  Radius ;  fo  is  the  Sine  0 
the  given  Leg,  to  the  Sine  of  its  oppofite  Angle :  Or  thus, 

S.  Hypot.  AC  ••  Radius :  :  S.  Leg  BC  ••  S.  Angle  BAC. 

S.  54d.  25m.  ••  S.  9od.  :  :  23d.  29m.  ••  Sine29d.  20m. 
Therefore  the  Extent  (on  the  Gunter)  from  Sine  54d.  25m 
to  Sine  of  god.  reacheth  from  Sine  of  23d.  29m.  to  Sine  of  2gd 
20m.  the  fourth  Term  in  the  Proportion  abovefaid. 

f  lcfs  ) 

Note,  The  given  Leg  j  mQre  >than  a  Quadrant,  or  god. 

the  required  Angle  is  j  Qbtufe. 

4.  For  the  Leg  AB,  the  Proportion  is  thus ; 

As  the  Sine  Complement  of  the  given  Leg,  is  to  Radius;  f 

is  the  Sine  Complement  of  the  Hypotenufe,  to  the  Sine  Com 
plement  of  the  required  Leg  :  Or  thus ; 

5. c.  LegBC  ••  Radius  :  :  S.c.  Hyp.  AC  ••  S.  c.  Leg  AB. 

S.66d.  31m.  ••  S.  9od. :  :  S.  35c!-  35m.  ••  S.  39d.  23m. 

which  fubtraft  from  9od.  refteth  50d.  37m.  for  the  Leg  A1 
required. 

Therefore  the  Extent  (on  the  Gunter’s- Scale)  from  the  Sinec 
66d.-  31m.  to  Sine  of  god.  will  reach  from  Sine  of  35d.  35m.  t 
Sine  of  39d.  23m.  the  fourth  Term  in  the  Proportion  aforefaid. 


Note ,  The  Hypot.  and  given  Leg  of  j  °nd6ifferent  |  Kind, 

/  -  the  required  Leg  is  |  than  a  Quadrant, 


m 

Problem  2.  Cafe  4,  5,  and  6; 
the  Hypotenufe ,  and  one  Angle  given  j 

To  find  f  £  {  the  j  Lei  (  10  the  siven  A"Sk 

'  (.3.  j  t  other  Angle. 

Example.  Plate  4.  Fig.  2. 

In  the  Reftangular  Spheric  Triangle  ABC,  there  is 
C  Hypot.  AC  54d.  25m.’^LegBC,  AB,  and 
gu  en  ,  1  Ang]e  BAC  29d.  30m.  3  Angle  ACB  required  ? 

This  Triangle  is  made  by  Problem  1 1.  of  Spheric  trigonom 
try  Geometric,  in  pages  124  and  125. 

1.  For  the  Leg  BC,  oppofite  to  the  given  Angle,  the  Propoi 
tion  is  thus ;  ' 

As  Radius,  is  to  the  Sine  of  the  Hypotenufe  ;  fo  is  the  Sine  < 
the  given  Angle,  to  the  Sine  of  its  oppofite  Leg  required :  C 
thus.  . .  ‘  '  Radiu 
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Radius  ••  S.  Hypot.  AC  :  :  S.  Angle  BAC  ••  S.  Leg  BC. 

S.  god.  ••  S.  54d.  25m.:  :  S.  2gd.  30m.  ••  8.23d.  36m. 

Note  i  the  given  Angle  |  Qbtufe  } the  required. 

f  lcfs 

Leg  is  -J  >•  than  a  Quadrant. 

2.  For  the  Leg  AB,  adjacent  to  the  given  Angle,  the  Pro- 
)ortion  is  this  j 

As  the  Tangent  Complement  of  the  Hypotenufe,  is  to  Ra- 
lius ;  fo  is  the  Sine  Complement  of  the  given  Angle  to  the  Tan- 
;ent  of  its  adjacent  Leg  :  Or, 

As  Radius,  is- to  the  Sine  Complement  of  the  given  Angle; 
o  is  the  Tangent  of  the  Hypotenufe,  to  the  Tangent  of  the  Leg 
equired :  That  is, 

Radius-*S.  c.  BAC  :  :  T.  Hypot.  AC  ••  T.  Leg  AB. 

S.  god.  ••  S.  6od.  30m.  :  :  T.  54c!.  25m.  ••  T.  50d.  34m. 

Note;  When  each  given  thing  is  lefs,  or  more  than  god.  the 
equired  Leg  is  lefs  than  a  Quadrant ;  but  if  one  is  lefs,  and  the 
>ther  more,  the  required  Leg  is  more  than  a  Quadrant. 

3.  For  the  Angle  ACB,  the  Proportion  is  this  ; 

As  the  Tangent  Complement  of  the  given  Angle,  is  to  Radius ; 
a  is  the  Sine  Complement  of  the  Hypotenufe,  to  the  Tangent 
Pomplement  of  the  other  Angle:  Or  thus, 

As  Radius  is  to  the  Sine  Complement  of  the  Hypotenufe  ;  fo 
s  the  Tangent  of  the  given  Angle,  to  the  Tangent  Complement 
j>f  the  Angle  required  :  This  is, 

ladius  ••  S.c.  Hypot.  AC  :  :  T.  Angle  BAC  ••  T.  c.  Angle  ACB 
I.  god.  ..S.  35d.  35m.  :  :  T.2gd.  30m.  -.T.  i8d.  30m. 

yhich  fubtraft  from  god.  refts  7  id.  47m.  for  the  Angle  ACB. 

Note ;  When  each  given  Thing  is  lefs,  or  more  than  god. 
he  required  Angle  is  Acute ;  but  when  one  is  more,  and  the 
ither  lefs,  ’tis  Obtufe. 

Problem  3.  Cafes  7,  8,  9.  A  Leg  and  its  adjacent  Angle  given  j 

To  find  \  z.  i  The  \  Angle  }  °PPof,te  t0  the  ^  {  hit 
(.3.3  L  Hypotenufe  ' 

Example.  Plate  4.  Fig*  3. 

In  the  Reftangle  Triangle  ABC,  Right-angled  at  B,  there  is 

(  Leg - AB  50d.  30m.  7  Leg  BC,  Angle  ACB. 

,iven  J  Angle  BAC  2gd.  30m.  J  and  Hypot.  AC  required  ? 

This 
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This  Triangle  is  made  by  Problem  12,  of  Spheric  Trigonomei 
Geometric ,  in  pages  125  and  126. 

1.  For  the  Leg  BC  oppofite  to  the  given  Angle,  the  Proportion 

As  the  Tangent  Complement  of  the  given  Angle,  is  to  the  R 
dius  ;  fo  is  the  Sine  of  its  adjacent  Leg,  to  the  Tangent  of  its  0 
.  pofite  Leg  required  :  Or  thus ; 

As  the  Radius,  is  to  the  Sine  of  the  given  Leg;  fo  is  theTa 
gent  of  its  adjacent  Angle,  to  the  Tangent  of  its  oppofite  Le 
That  is, 

Radius  ..  9.  Leg  AB  :  :  T.  Angle  B AC  ..  T.  LegBC, 

S.  qod.  ..  S.  5od.  30m.  :  :  T.  2gd.  30m.  ..  T.  23d.  35m. 

Note ;  The  given  Angle  Acute,  the  required  Leg  is  lefs  th 
a  Quadrant,  but  when  Obtufe,  then  more  than  a  Quadrant. 
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Example.  Plate  4.  Fig.  4. 


In  the  Re&angular  Spheric  Triangle  ABC,  there  is, 

e  Leg - BC  23d.  29m.  t  Leg  AB,  Angle  ACB,  and 

iven|  Angle  BAC  29d.  30m.)  Hypotenufe  AC  required. 

This  Triangle  is  made  by  Problem  13,  of  Spheric  Trigono- 
netry  Geometric,  in  page  126. 

1.  For  the  Leg  AB,  adjacent  to  the  given  Angle,  the  Propor- 
ion  is  this ; 

As  Radius,  is  to  the  Tangent  of  the  given  Leg ;  fo  is  the  Tan- 
ent  Complement  of  its  oppofite  Angle,  to  the  Sine  of  the  other 


,eg  required  :  That  is. 


Radius  ..  T.  Leg  BC  :  :  T.  c.  Angle  BAC  ..  S.  Leg  AB. 
T.45d...T.23d.29m. :  :  T.  6od.  30m.  ..S.  50d.  10m. 

Note;  If  the  unknown  Angle  be  Acute,  or  Obtufe,  the  re- 
uired  Leg  accordingly  is  lefs,  or  more  than  a  Quadrant. 

Or,  The  Hypotenufe  and  given  Leg,  each  lefs,  or  more  than 
od.  the  required  Leg  is  lefs  than  a  Quadrant;  but  if  one  is  more, 
nd  the  other  lefs,  ’tis  more  than  a  Quadrant. 

2.  For  the  Angle  ACB -adjacent  to  the  given  Leg,  thePropor- 
on  is  this  ; 

As  the  Sine  Complement  of  the  given  Leg,  is  to  the  Radius ; 
>  is  the  Sine  Complement  of  its  oppofite  Angle,  to  the  Sine  of 
:s  adjacent  Angle  :  That  is, 

S.c.LegBC  ..  Radius  :  :  S.c.  Angle  BAC  ..  S.  Angle  ACB. 

S.  66d.3im. ..  S.  9od  :  :  S.  6od.  30m.  ..S.  7id.  37m. 

Note ;  If  the  Hypotenufe  and  given  Angle  be  each  lefs,  or 
lore  than  god.  the  Angle  required  is  Acute,  but  when  one  is 
pore,  and  the  other  lefs,  ’tis  Obtufe. 

Or,  the  Leg  adjacent  to  the  given  Angle  being  lefs,  or  more 
ran  god.  accordingly  the  Angle  required  is  Acute  or  Obtufe. 

3.  For  the  Hypotenufe  AC,  the  Proportion  is  this  : 

As  the  Sine  of  the  given  Angle,  is  to  the  Radius ;  fo  is  the 
ine  of  its  oppofite  Leg,  to  the  Sine  of  the  Hypotenufe  required  ; 
Phat  is, 

S.  Angle  BAC  ..  Radius  ::  S.  Leg  BC ..  S.  Hypotenufe  AC. 

S.  29d.  30m.  ..  S.  9od.  :  :  S.  23d.  29m. ..  S.  54c!.  01m. 

Note;  If  both  Legs,  or  both  Angles  are  of  one  Kind,  the 


I;  potenufe  is  lefs  than  a  Quadrant,  but  if  they  be  of  different 
Cinds,  the  Hypotenufe  is  more  than  a  Quadrant. 


'robiem  5.  Cafe  13  and  14.  Both  the  Legs  given ;  to  find 
l.  Either  of  the  Angles  ?  2.  Lhe  Hypotenufe  ? 

Example 


- 
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Example.  Plate  4.  Fig.  5. 

In  the  Rectangular  Spheric  Triangle  ABC,  there  is 

oiven  Tw  i  AB  sod.  30m.  ?  Angle  BAC,  or  ACB,  *n| 
^  5  0  l  BC  23d.  29m.  J  Hypotenufe  AC  required. 

This  Triangle  is  made  by  Prob.  14.  of  Spheric  Trigonometr 
Geometric,  in  page  125. 

j.  For  either  of  the  Angles,  the  Proportion  is. 

As  the  Tangent  of  one  Leg,  is  to  Radius ;  fo  is  the  Sine  of  tl 
other  Leg,  to  the  Tangent  Complement  of  the  Angle  oppofite 
the  firft  Leg :  Or  thus. 

As  Radius,  is  to  the  Sine  of  one  Leg  ;  fo  is  the  Tangent  Corr 
plement  of  the  other  Leg,  to  the  Tangent  Complement  of 
Angle  oppofite  to  the  laft  Leg  :  That  is ; 

Radius  ••  S.  Leg  AB  :  :  T.  c.  Leg  BC  ••  T.c.  Angle  BAC 

:  :  T.  66d.  31m.  ••  T.  6od.  37m.  who 
is  the  Angle  BAC  :  Alfo  it  is, 

T.c.  Leg  AB  ••  T.  c.  Angle  ACB. 

:  T.  3gd.  30m.  ••  T.  i8d.  1  im.  whoi 
is  the  Angle  ACB 


th 


S.  9od.  ••  S.5od.  30m. 
Complement  29d.  23m. 
Radius  ••  S.  Leg  BC  : 
S.  9od. ..  8.23d.  29m. 
Complement  7  id.  49m. 


Note ;  If  the  Leg  oppofite  to  the  required  Angle  be  lefs  than 
Quadrant,  the  Angle  fought  is  Acute  j  but  if  greater,  then ’t 
Obtufe. 

2.  For  the  Hypotenufe,  the  Proportion  is  thus ; 

As  Radius,  is  to  the  Sine  Complement  of  one  Leg ;  fo  is  th 
Sine  Complement  of  the  other  Leg,  to  the  Sine  Complement  < 
the  Hypotenufe:  That  is, 

Radius  ••  S.c.  Leg  AB  :  :  S.c.  Leg  BC  ••  S.  c.  Hypot.  AC. 

S.  god.  S.  3gd.  30m.:  :  S.66d.  31m.  ••  S.  33d.  41m.  whoi 
Complement  54d.  19m.  is  the  Hypotenufe  AC. 

Note,  If  both  Legs  be  of  one  Kind,  the  Hypotenufe  is  le 
than  a  Quadrant ;  but  when  of  different  Kinds  (that  is  one  Lt 
more,  the  other  lefs  than  a  Quadrant)  then  the  Hypotenui 
is  more  than  a  Quadrant. 

Problem  fy.  Cafes  15  and  16.  Both  the  Oblique  Angles  given 
To  find,  I.  Either  of  the  Legs  ?  2.  The  Hypotenufe ? 
Example.  Plate  4.  Fig.  6. 

In  the  Redangular  Spheric  Triangle  ABC,  is  given, 

.  ,  C  BAC  29d.  3cm.  ?Leg  AB,  or  BC,  and 

C  (  ACB  7 id.  56m.  J  Hypotenufe  AC  required? 

Tiffs  Triangle  is  made  by  Problem  15,  of  Spheric  Trigone 
try  Geometric,  in  page  128. 

1.  For  either  of  the  Legs,  the  Proportion  is  thus}: 

i 
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\s  the  Sine  of  one  Angle,  is  to  Radius ;  lb  the  Sine  Comple- 
nt  of  the  other  Angle,  to  the  Sine  Complement  of  its  oppofite 
g:  That  is, 

S.  Angle  BAC  ••  Radius  :  :  S.c.  Angle  ACB  ••  S.c.  Leg  AB 
S.  2gd.  30m.  ••  S.  9od.  1  1  S.  i8d.  04m.  --S.  39^*  02m. 

10'fe  Complement  sod.  58m.  is  the  Leg  AB  :  Alfo  it  is. 

Angle  ACB  -"Radius  :  :  S.  c.  Angle  BAC  ••  S.  c.  Leg  BC. 

7id.  56m.  .-Sqod.  :  :  S.  6od.  30m.  --S.  66d.  17m. 

lofe  Complement  23d.  43m.  is  the  Leg  BC. 

Note ;  If  the  Angle  oppofite  to  the  required  Leg  be  Acute,  the 
g  fought  is  lefs  than  a  Quadrant ;  but  if  Obtufe,  then  ’tis 
cater  than  a  Quadrant. 

2.  For  fhe  Hypotenufe,  the  Proportion  is  thus; 

As  Radius,  is  to  the  Tangent  Complement  of  one  Angle  :  fo 
the  Tangent  Complement  of  the  other  Angle,  to  the  Sine 
implement  of  the  Hypotenufe :  That  is, 
idius  ••  T.c.  Angle  BAC  :  :  T.c.  Angle  ACB  ••  S.c.  Hyp.  AC. 

.  45d.  ••  T.  6od.  30m.  : :  T.  1 8d.  04m.  --S.  35c!.  13m. 

iiofe  Complement  54d.  47m.  is  the  Hypotenufe  AC. 

Note ;  The  Angles  of  one  Kind,  the  Hypotenufe  is  lefs  than  a 
uadrant ;  but  when  of  different  Kinds,  ’tis  more  than  a  Qua- 
ant. 

i:£tion  V.  Four  Axioms ,  by  which  the  1 2  Cafes  of  Oblique- 
angled.  Spheric  Triangles  are  folved. 

\xiom  1.  IN  all  Spheric  Triangles,  the  Sines  of  their  Sides  are 
*  in  direct  Proportion  to  the  Sines  of  their  oppofite 
ngles :  That  is, 

1 .  As  the  Sine  of  a  Side,  is  to  the  Sine  of  its  oppofite  Angle  ; 
is  the  Sine  of  any  other  Side,  to  the  Sine  of  its  oppofite  Angle; 

2.  As  the  Sine  of  an  Angle,  is  to  the  Sine  of  its  oppofite  Side; 

1  is  the  Sine  of  any  other  Angle,  to  the  Sine  of  its  oppofite  Side. 

Axiom  2.  Ftrjl,  As  the  Sine  of  half  the  Sum  of  two  Sides, 
containing  an  Angle)  is  to  the  Sine  of  half  their  Difference ; 

So  is  the  Tangent  Complement  of  half  the  contained  Angle,  to 
le  Tangent  of  half  the  Difference  of  the  other  two  Angles. 

Again, 

Secondly ,  As  the  Sine  Complement  of  half  the  Sum  of  two  Sides 
containing  an  Angle)  is  to  the  Sine  Complement  of  Half  their 
>ifferencc  ; 

So  is  the  Tangent  Complement  of  half  the  contain’d  Angle, 
3  the  Tangent  of  half  the  Sum  of  the  other  two  Angle's. 

Axiom  3.  Firjly  As  the  Sine  of  half  the  Sum  of  two  Angles, 
i  to  the  Sine  of  half  their  Difference }  So 
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So  is  the  Tangent  of  half  their  interjacent  Side,  to  the  Tan¬ 
gent  of  half  the  Difference  of  the  other  two  Sides :  Again, 

Secondly ,  As  the  Sine  Complement  of  half  the  Sum  of  two 
Angles,  is  to  the  Sine  Complement  of  half  their  Difference ; 

So  is  the  Tangent  of  half  their  interjacent  Side,  to  the  Tan¬ 
gent  of  half  the  Sum  of  the  other  two  Sides. 

Axiom  4.  As  the  Re&angle  of  the  Sines  of  the  two  containing 
Sides,  is  to  the  Square  of  the  Radius  ; 

So  is  the  Rectangle  of  the  Sines  of  half  the  Sum  of  the  three 
Sides,  and  of  the  Difference  of  the  Side  oppofite  thereunto,  to  the 
Square  of  the  Sine  Complement  of  half  the  contained  Angle  fought.; 

The  Explanation  and  Ufe  of  thefe  four  Axioms,  you  will  find 
in  the  Solution  of  the  following  Cafes  of  Oblique  Spheric  Tri¬ 
angles. 

Problem  7.  Cafe  r,  2  and  3. 

Two  Sides,  and  an  oppofite  Angle  given  ;  to  find 

1.  The  Angle  oppofite  to  the  other  Side,  1 

2.  The  Angle  contained  between  them,  >  if  the  required 

3.  The  third  Side - 3 

oppofite  Angle  be  foreknown  to  be  Acute,  or  Obtufe. 

Example.  Plate  4.  Fig.  7. 

In  the  Oblique  Spheric  Triangle  ACD,  there  is 
f  Side  AC  34d.  07m.  1  Angle  ACD  being  Obtufe  1 

given  -J  Side  AD  6$d.  20m.  >  Angle  CAD - >  req. 

(.Angle  ADC  2yd.  30m.  3  Side  CD- - 3 

This  Triangle  is  made  by  Prob.  16,  of  Spheric  Trigonometry 
Geometric ,  in  pages  128  and  129. 

1.  For  the  oppofite  Angle  ACD,  the  Proportion  (by  Axiom  1.) 
is  thus ; 

As  the  Sine  of  the  Side  AC,  is  to  the  Sine  of  the  Angle  ADC; 
So  is  the  Sine  of  the  Side  AD,  to  the  Sine  of  the  Angle  ACD  j 
That  is, 

S.  Side  AC ..  S.  Angle  ADC  :  :  S.  Side  AD  ..  S.  Angle  ACD. 
S.34d.c>7m. ..  S.  27d.  30m? :  :  S. 63d.  20m. ..  S.  48 d.  25m. 

Which  fubtradl  from  i8od.  refteth  13rd.  35m.  for  the  Angle 
ACD,  it  being  required  to  be  Obtufe. 

2.  For  the  contained  Angle  CAD  (having  before  found  the  op¬ 
pofite  Angle)  the  Proportion  (by  Axiom  2.  Part  1.  inverted,)  is 
thus ; 

As  the  Sine  of  half  the  Difference  of  the  Sides  AD  and  AC, 
is  to  the  Sine  of  half  their  Sum;  fo  is  the  Tangent  of  half  the 
Difference  of  the  Angles  ACD,  and  ADC,  to  the  Tangent  Com¬ 
plement  of  half  the  Angle  CAD;  and, 

2  3.  Fot 
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For  the  third  Side  CD,  (having  found  the  oppofite  Angle) 
Proportion,  (by  Axiom  3.  Part  X.  inverted)  is  thus  ; 
i.s  the  Sine  of  half  the  Difference  of  the  Angles  ACD,  and 
»C,  is  to  the  Sine  of  half  their  Sum  ; 

io  is  the  Tangent  of  half  the  Difference  of  the  Sides  AD  and 
to  the  Tangent  of  half  the  Side  CD  :  That  is. 


d.  m. 

;AD  65.20 
;AC  34.07 
l  is  99.27  ^  j 


d.  m. 
Sum  49.42 
Diff.  15.36 


d.  m. 
Ang.ACD131.35 
Ang.ADC  27.30 
Sum  is  159.05 
Diff.  is  r 04.05 


Fer.  31.13  -  ^  _ 

Diff.  Sides ..  S.  \  their  Sum  :  :  T.  \  Diff.  Ang. 
5d.  36m.  ••  S.  49d.  43m.  ;  1  T.  5^d.  02m. 
Vhich  fubtracft  from  - - - 


H 


d.  m. 
Sum79-32 

Diff.  52.02 
T.  c.  i  CAD 
•  T.  74d.  37m. 

_  9od.  00m. 

I5d.  23m. 
I5d.  23m. 


7od. 

.  T.  f  CD. 


Remainder  is  half  the  Angle  CAD 
Vhich  being  doubled 

'roduceth  the  required  Angle  CAD  - - 

Diff.  Ang. . .  S.  £  their  Sum  :  :  T.  \  Diff.  Sides 

;2d.  02m.  ..S.  7gd.  32m>  '  •  I5<^*  3^rn**'^'  *9^*  I2rn- 

Vhich  being  doubled  ■  ■  1  jgd.  12m. 

’roduceth  the  required  Side  CD  ■  ■■  -  3bd.  24m. 

Problem  8.  Cafe  4,  5  and  6: 

Two  Angles ,  and  one  Side  oppofite  given  ;  to  find , 

The  Side  oppofite  to  the  other  Angle,  1 
».  The  interjacent,  or  Side  between  them  >-  if  the  required 

The  Third  Angle - - - ' 

, ofite  Side  be  foreknown  to  be  more,  or  lefs  than  a  Quadrant. 
Example.  Plate  4.  Fig.  8. 

In  the  Oblique  Spheric  Triangle  ACD,  there  is  given. 
gle  CAD  3od.  48m.  f  Side  AC  lefs  than  90d.  1 

lie  ADC  27d.  30m.  •}  Side  AD - >  required  ? 

e  CD  38d.  28m.  L  Angle  ACD - 3 

rhis  Triangle  is  made  by  Problem  17.  of  Spheric  Trigonometry 

metric ,  in  page  129.  .  . 

t.  For  the  oppofite  Side  AC,  the  Proportion  by  Ax.  r.  is  thus ; 

\s  the  Sine  of  the  Angle  CAD,  is  to  the  Sine  of  the  Side  CD ; 
is  the  Sine  of  the  Angle  ADC,  to  the  Sine  of  the  Side  AC, 

l3t  jg 

WleCAD  ..  S.  Side  CD  :  :  S.  Angle  ADC  ..  S.  Side  AC  req. 
3od.  48m.  -S.  38d.  28m.  :  :  S.  278.  30m.  ..S.  34d.  07m. 
2.  For  the  interjacent  Side  AD,  (having  firft  found  the  oppo- 
Side)  the  Proportion  (by  Axiom  3.  Part  x.  inverted)  is  thi^f 


i 


A  $  C 
Ang.j  ; 
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As  the  Sine  of  half  the  Difference  of  the  Angles  CAD  anc 
ADC,  is  to  the  Sine  of  half  their  Sum  ; 

So  is  the  Tangent  of  half  the  Difference  of  the  Sides  CD  ant 
AC,  to  the  Tangent  of  half  the  Side  AD  :  And, 

3.  For  the  third  angle  ACD,  (having  firft  found  the  oppofitt 
Side)  the  Proportion,  (by  Axiom  2.  Part  I.  inverted)  is  thus ; 

As  the  Sine  of  half  the  Difference  of  the  Sides  CD  and  AC,  it 
to  the  Sine  of  half  their  Sum ; 

So  is  the  Tangent  of  half  the  Difference  of  the  Angles  CAE 
and  ADC,  to  the  Tangent  Complement  of  half  the  Angl 
ACD  :  That  is, 

d.  m.  d.  m. 

CAD  30  48  side  {  C?  38  28 


ADC  27  30 
Sum  is  5818 


AD  34  07 


d.  m 


i,(  Sum29.o9|Sum  1572^357  if  Sum36i; 
Difference  03  18  Diff.01.39lDiff.1s04 21  > £Diff.02n 
S.  half  Diff.  Angl.  ••  S.  half  their  Sum  :  :  T.±  Diff.  Sides  ••  T.i  AU 
S.  oid.  39m *’S.  29d.  09m.  :  :  T.  02d.  10m.  **T.  32d.  37m 

Which  being  doubled  - - - ■ - ? - "  32(^  37™ 

Produceth  the  Interjacent  Side  AD - - — 

S.  \  Diff.  Sides  ••  S.  \  their  Sum  :  :  T.  \  Diff.  Ang 
S.  02d.  10m.  ..S.  36d.  17m.  ::  T.  oid.  39m. 

Which  fubtra£f  from  - - - - - — 


Remainder  is  half  the  Angle  ACD 
Which  being  doubled 


Produceth  the  Angle  ACD  to  be 


—  63d. 

14m 

■  T.c.f 

ACE 

r.  24d. 

1 6m 

-  9od. 

00m 

-  63d. 

44m 

-  63d. 

44m 

1 3 id.  28m 


Note-,  In  the  fix  preceeding  Cafes,  the  three  given  Term 
without  the  Quality  of  a  Fourth,  are  not  fufficient,  whereby  on 
fingle  Anfwer  may  be  found  ;  and  the  Quality  of  the  Fourth  i, 
not  always  difcoverable  by  the  given  Terms  j  Therefore  they  ar 
called  the  Six  doubtful  Cafes . 

Problem  9.  Cafe  7,  and  8. 

Two  Sides ,  and  one  j ingle  betiveen  them  given ;  to  find 

1,  Either  of  the  other  Angles  •, 

2.  The  third  Side ,  or  Side  oppofite  to  the  given  Angle. 

Example.  Plate  4.  Fig.  9. 

In  the  Oblique  Spheric  Triangle  ACD,  there  is 
fSide  AC  34d.  06m.  1  Angle  ACD,  or  1 

given  ^  Side  AD  63d.  20m.  £  Angle  ADC,  and  £  required 

Th 


<  UlUC  i  XL/  2.UU1<  /  *  “o*''  v 

(.Angle  CAD  3od.  46m.  j  Side  CD  is 
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fhis  Triangle  is  made  by  Problem  18.  of  Sphfric  Trigonometry 
metric,  in  pages  129  and  130. 

'or  the  Angle  ACD,  or  ADC,  the  Proportion  (by  Axiom  2. 


ts  . 

1  and  2  j  is  thus  ; 

d.  in. 

d.  m. 

* 

u  S 

AD  65.20  I 

Angl< 

;  CAD 

30.46 

d.  m. 

AC  34.06  j 

The 

Half  is 

J  5-23  7 

-  ™  {  74-37 

n  of  Sides  99.26  , 

£  The 

j  5  Sum 

49-43  f 

its  Comp,  s  40.17 

Fer. 

Sides  31.14  1 

2  ?  D.ff. 

'5-37 J 

- - -  74.23 

3-1 

Sum  AD  &  AC..  S.1 

Diff.  :  :  T.c.f  CAD  ..  T.  {Diff.Ang. 

2,  ^  »  o 

S._49d.  43m.  ..  S.  15a.  37m.  :  :  T.74d.37m.  .*  T.  52d.  03m. 
Then  again, 

i.c.fSumSides  ..  S.  c.  |  Diff.  :  :  T.  c.  |  CAD  ..  T.fSumAngles 
S.  40d.  17m. ..  S.74d.23m.  :  :  T.  74d-37m.  ..  T.  7gd.  3?m. 
it  add  the  Half  Difference  found  above  - - 52d.  03m. 

Hie  Sum  is  the  greater  Angle  ACD  . — . —  i3[^-  --S111- 

And  being  fubtradled,  is  the  lefs  Angle  ADC -  27d.  29m. 

Tte If  the  Sum  of  the  two  containing  Sides  exceeds  a  Semi- 
le,  then  fubtradl  each  Side  from  180  Degrees,  and  proceed 
h  thofe  Remainders  as  with  the  Sides  given ;  the  Proportion 
jduces  the  Supplement  of  the  Angle  required  to  a  Semicircle. 

"or  the  third  Side  CD,  or  Side  oppofite  to  the  given  Angle, 
Proportion  (after  the  Work  above  is  done)  may  be  made  by 
\o?n  1.  Or  it  may  be  deduced  from  the  Lord  Napier  s  Catholic 
pofition  (by  a  fuppofed  Perpendicular,  let  fail  from  one  End  of 
!  leis  given  Side,  to  the  greater  Side  given,  reducing  the  Oblique 
tangle  into  two  Redtangulars)  which  finds  the  Si.de  oppofi.e  to 
given  Angles  at  two  Proportions,  without  finding  the  Angles  5 
d  it’s  thus, 

Jr.  As  Radius  is  to  the  Sine  Complement  of  the  contained  An- 
;  So  is  the  Tangent  of  the  lefs  given  Side,  to  the  Tangent  of 
'ourth  Arc. 

Then,  if  the  contained  Angle  be  Acute,  fubtradf  the  Fourth 
9  from  the  greater  given  Side,  but  when  it  is  Obtufe  from  the 
pplement  thereof  to  a  Semicircle,  or  180  Degrees,  the  Re- 
•inder  is  called  the  Refidual  Arc  -,  Then, 

12.  As  the  Sine  Complement  of  the  Fourth  Arc,  ss  to  the  Sine 
implement  of  the  Rejidnal  Arc ;  0 

K  So 
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So  is  the  Sine  Complement  of  the  lefs  given  Side,  to  theS 
Complement  of  the  Sine  required;  That  is, 

As  Radius ..  S.c.AngleCAD  :  :  T.  Side  AC  ..  T.  Fourth  Ar 
As  S.  9<jd.  ••  S.  59c] .  14m.  :  :  S.  3qd.  06m.  ..  T.  3od.  11m 

which  being  fubtraded  from  the  Side  AD  - - —  63d.  20m 

The  Remainder  is  the  Refidual  Arc - - -  33d.  09m 

Then, 

As  S.  c.  4th  Arc  ..  S.c.Refid.Arc  :  :  S.c.SideAC  ..  S.  c.  SideC 
As  S.  jgd.  49m.  ..  S.  54d.  51m.  :  :  53d.  54m.  ..  S.  5id.  34 
whofe  Complement  38d.  26m.  is  the  Side  CD  required. 

Note ;  W hen  the  contained  Angle,  and  Refidual  Arc,  are  e 
more,  or  lefs  than  90  Degrees,  the  Side  fought  is  lefs  than  a  Q 
drant ;  but  when  one  is  more,  and  the  other  lefs,  ’tis  more  tha 
Quadrant. 

Problem  10.  Cafe  9  and  10. 

Two  Angles  and  one  Side  between  them  given  j 
To  find  ^  r‘  ^lt^er  °f  the  other  Sides  P 

I  2.  The  Angle  oppofite  to  the  given  Side  P 
Example.  In  the  Oblique  Spheric  Triangle  ACD,  there  is  giv 
C  Angle  ACD  13 id.  34m.  1  Side  AC,  or  1 

The  \  Angle  ADC  2yd.  30m.  >  Side  AD,  and  >  requirec 

(.Side  CD  2 id.  28m.  3  Angle  CAD  is  3 

This  Triangle  is  made  by  Problem  19.  of  Spheric  Trigonotm 

Geometric ,  in  page  130.  See  Plate  4.  Fig.  10. 

for  the  Side  AC  or  AD,  the  Proportion  (by  Ax.  3.  Part 
and  2.)  is  thus  ;  d.  m.  d.  m. 

131.34.  [  The  Side  CD  38.28. 


Angle  ACD 
Angle 


J9.14.  d. 

79'32*  |itiCom.  j ;; 
52.02.  S  l  37 

i  Side  CD  ..  T.fDif.Si 


ADC  27.30,  1  The  Half  is 
Sum  of  Angles  159.04,  ,  t  r  Sum 
Difference  is  x  04.04.  $  1  tlei  | 

As  S.  |  Sum  Ang. ..  S.  \  their  DifF.  :  :  T. 

As  S.  7 gd.  32m.  ..  S.  52d.  02m.  :  :  T.  iqd.  14m. ..  T.  1 5c3. 38 
Then  again, 

As  S.c.fSumAn. ..  S.c.itheirDifF.  :  :  T.fSideCD 
As  S.  rod.  28m.  ..  S.  3yd.  58m.  :  :  T.i9d.i4m. 

To  it  add  the  half  Difference  found  above  — 

The  Sum  is  the  greater  Side  AD 


T.lSumSi 
T.  49d.  45 
—  i5d-3^ 


...  — .  -  65b.  23 

And  being  fubtraded,  is  the  lefs  Side  AC - - "^dToy 

1  ^  ^urn  6ie  two  given  Angles  exceed  180  I 
grets,  then  fubtrad  each  given  Angle  from  180  Degrees,  t 
proceed  with  thofe  Remainders  as  with  the  Angles  given  ; 
Operation  will  produce  each  required  Side’s  Supplement  to  aSei 
circle,  or  180  Degrees.  ] 
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For  the  Angle  CAD,  thv  Angle  oppofite  to  the  given  Side,  the 
roportion  (alter  the  Wo;  k.  above  is  done)  may  be  by  Axiom  I.  Or 
om  the  Catholic  Propofition  (by  a  Perpendicular  fitppofed  to  be  let 
.11  from  the  greater  g  en  Angle  to  its  oppofite  Side)  thus ; 

As  Radius,  is  to  the  Sine  Complement  of  the  jnt.ijaccnt  Side  ; 
is  the  Tangent  of  the  lefs  given  Angle,  to  the  Tangent  of  a 
ourth  Arc. 

Then,  if  the  interjacent  Side  be  more  than  a  Quadrant,  fub- 
i£i  the  Fourth  Arc  from  the  greater  given  Angle  ;  but  when  ’tis 
fs,  from  the  Supplement  thereof  to  180  Degrees,  the  Remain- 
r  is  the  Refidual  Arc  ;  Then, 

2.  As  the  Sine  Complement  of  the  Fourth  Arc,  is  to  the  Sine 
implement  of  the  Refidual  Arc  j 

So  is  the  Sine  Complement  of  the  lefs  given  Angle,  to  the  Sine 
implement  of  the  Angle  required.  That  is, 

As  Radius  S.  c.  Side  CD  :  :  T.  Angle  ADC  ..  T.  4th  Arc. 

As  S.  9od.  ..  S.  5id.  32m.  :  :  T.  2yd.  30m.  ..T.  22d.  mm. 
lich  fubtradt  from  (Suppl.  of  the  Angle  ACD)  48d  2' m. 

The  Remainder  is  the  Refidual  Arc - 26d„  15m. 

Then, 

c.  4th  Arc. ..  S.c.Refid.Arc  :  :  S.c.An.ADC  ..  S.c.An  CADreq. 
6yd.  49m. ..  S.  63d.  45m.  :  :  S i  626.  30m.  ..  S.  59d.  13m. 
lofe  Complement  3od.  47m.  is  the  Angle  CAD  required. 

Note-,  When  the  adjacent  Side  and  Refidual  Arc  are  each  more 
lefs  than  9od.  the  Angle  fought  is  Acute  j  but  when  One  is 
ire,  and  the  other  lefs,  ’tis  Obtufe. 

bblem  11.  Cafe  11.  Three  Sides  given,  to  find  any  of  the  Angles', 


Example.  Plate  4:  Fig.  1 1. 

In  the  Oblique  Spheric  Triangle  ACD  there  is  given  | 

C  AD  63d.  20m. }  f  ACD,  or 
The  Sides  CD  3bd.  26m.  >  Angle  S  ADC,  or 

tAC  34d.  08m.  3  LCAD  required  ? 

This  Triangle  is  made  by  Problem  20,  of  Spheric  Trigono-* 
:try  Geometric,  in  pages  130  and  1 3 1 . 

The  Refolution  of  this,  and  the  following  Cafe  depends  upon 
4th  Axiom  $  and  for  the  greater  Difpatch,  obferve  thefe  fol« 
flting  Diredtions,  viz. 

x.  Add  the  three  Sides  together,  and  from  their  half  Sum  mb- 
dt  the  Side  oppofite  to  the  Angle  required,  noting  the  Re¬ 
minder,  r|, 

K  2  a. 
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2.  To  the  Complement  Arithmetic  of  the  Logarithmic  Sines  o 
the  containing  Sides,  add  the  Logarithmic  Sines  of  the  half  Sum 
and  the  Remainder ;  Half  the  Total  of  thefe  four  Logarithms,  ii 
the  Logarithmic  Sine  of  Half  the  required  Angle’s  Supplement  tc 
180  Degrees. 

The  Operation  for  the  Angle  ACD,  is  thus; 


Sid 


1 


CD 

AC 

AD 


d.  m. 
38  26 
34  08 
65  20 


Sum  is  —  137  54 


Half  Som  is  68  57 


Remain  —  3  37 

Double  it 

The  Sum 


]•  ThecontainingSides  |  |  C°Q  £  0.2509!; 

A  Sum  Sides  68d.  57m.  S. - -  9.97000! 

Remainder  is  3d.  37m.  S.  - - -  8.79989 

Sum 

2qd.  15m 
- 24d.  15m 


of  the  four  Logarithms 


is  19.22733, 
S.  \  Sum.  9.6x306 


is 


48m 


Which  fubtraiSf  from  i8cd 


30m. 

OOJT). 


Remainder  is  the  Angle  ACD  13rd,  30m. 

In  like  Manner  you  may  find  any  other  Angle  by  Logarithms. 
Or  thus, 

By  Guntqr’s  Scale,  fay , 

1.  As  Radius,  is  to  the  Sine  of  one  of  the  containing  Sides; 
So  is  the  Sine  of  the  other  containing  Side,  to  a  Fourth  Sine  : 

Then,  . 

2.  As  that  4th  Sine,  is  to  the  Sine  of  the  half  Sum  of  th 
three  Sides  ;  fo  is  the  Sine  of  the  Remainder  to  a  fifth  Sine 
again!!  which  on  the  Line  of  verfed  Sines  is  the  Angle  required. 

c  That  is. 

As  Radius  ..S.  Side  C  D  :  :  S.  Side  AC  ..  a  Fourth  Sine. 

As  S.  qod.  ..  S.  38a.  26m. :  :  S.  34a.  08m.  ..  S.  2od.  25m.  Thei 
As  Fourth  Sine  ..  S.  |  Sum  Sides  :  :  S.  Remainder  ..  a  Fifth  Sine 
AsS.20d.25m. ..  S.  68d.  57m.  ::  S.  03d.  37m.  ..8.96.4301. 
againil  which  on  the  Line  of  Verfed  Sines,  is  131a.  30m,  tl 


Angle  ACD  as  before. 

O 


Problem  12.  Cafe  12.  The  Angles  given-,  to  find  a  Side. 


Example.  Plate  4.  Fig.  12. 

In  the  Oblique  Spheric  Triangle  ACD;  there  is  given, 
r  ACD  3od.  47m.  1  fCD,  or 

The  Angle  ^  ADC  2yd.  30m.  ? :  The  Side  \  AC,  or 


^CAD  1316.  34m.  3  /  AD,  required? 

This  Triangle  is  made  by  Pr»blm  2 1.  of  Spheric  Trigonomet 
Geometric,  in  P age  1 3 1 . 
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This  Cafe  is  likewife  perform’d  by  the  Directions  in  Cafe  Jl, 
An"les",  being  accounted  Sides,  and  the  Sides  Angles  ;  and 
ten  taking  the  Supplement  of  the  greater  (given)  "Angle  to 
80  Degrees. 

For  the  Side  A  D,  the  Operation  is  thus ; 


|  Sum  Ang.  53d.  21m.  S. -  9-9°4335 

Remainder  22d.  34m.  S.  — — •  9^5^4°5^ 
Sum  of  the  four  Logarithms  is  19.949979 


um  is  • -  1  ot>  43 

fair  Sum  is  -  5321 
.emainder  —  22  34 


70.44  S.  half  Sum  9.974989 
7°-44 


Double  it - 

The  Sum  is  - 
Subtract  from 


141.28  Which 

180.00 


Remainder  is  the  Side  AD  38.32 


In  like  manner  may  any  other  Side  be  found  by  Logarithms, 


)r  thus, 


By  Gunterh  Scale. 


1.  As  Radius,  to  the  Sine  of  one  of  the  adjacent  Angles  (to 
he  Side  required)  fo  is  the  Sine  of  the  other  adjacent  Angle, 
)  a  Fourth  Sine. 

2.  Then,  as  the  Fourth  Sine,  is  to  the  Sine  of  the  half  Sum 
f  the  three  Angles  ;  fo  is  the  Sine  of  the  Remainder,  to  a  fifth 
ine ;  againft  which,  on  the  Line  of  Verfed  Sines,  is  the  Side 
[equired. 

TUof 


That  is, 

\s  Radius  ••  S.  Sup.  CAD  :  :  S.  Angle  ADC  ••  a  Fourth  Sine. 


j\s  S.  93d.  ••  S.  48d.  26m.:  :  S.  278.  30m.  S.  2od.  13m. 


Then  again. 


\s  Fourth  Sine  S.  £  Sum  Angles  :  :  S.  Remainder  a  Fifth  Sine.. 
\sS.  2od.  13m.  ••  S.  53d.  21m.  :  :  S.  22d.  34m.  •>  S. 63d.  00m. 
Againft  which,  on  the  Line  of  Verfed  Sines,  is  ■ —  3^d-  3^m* 
!he  Side  A  D,  as  above. 

Note-,  When  the  greateff  Side  (CD,  which  ever  is  oppofite 
0  the  greateft  Angle)  is  required,  the  Operation  will  produce 
he  Supplement  thereof  to  a  Semi-circle ;  wherefore,  if  >c  r>e 
lubtrahled  from  i8od.  it  leaves  the  Side  fought:  Or  (by  the 
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Logarithms )  if  you  omit  this  Part  of  the  Operation,  (viz.  the 
Subtraction  from  1  80  Degrees)  you  have  the  Side  required. 

So  much  tor  the  Dodfrine  of  Spheric  Triangles  ;  the  Application 
follows. 

P]  I 

C  H  A  P  T  E  R  VI. 

Containing  the  Defcription  and  Ufe  of  the  Globes. 

HAving  fimftied  Spheric  trigonometry,  it  remains  to  ftiew  its  Ufes 
in  Geography ,  Great  Circle  Sailing ,  and  Afronomy.  In  order 
to  rbe  perfect  Undemanding  of  thefe,  it  is  requifite  fir  ft  to  be  ac¬ 
quainted  with  the  Nature  and  Ufe  of  the  Globes,  which  I  will 
endeavour  to  perform  with  Brevity,  and  as  clearly  as  poiEble. 

Spfb.cn  I.  Tic  Defcription  and  Ufe  of  Globes  in  General. 

Defnit.on  1.  A  Globe  (as  to  its  Name  and  Figure)  is  fo  generally 
l  \  known,  that  ’tis  needlefs  here  to  produce  a  Ma- 
themarical  Definition  cf  it;  but  as  to  the  Kinds  of  Material 
plobcs,  and  their  Parts,  it’s  nectflary  fomething  fhould  be  faid. 

2.  The  Kinds  of  Globes  are  two  ;  Terrefrial  and  Ccele/lial, 
which  together  with  their  Appurtenances,  are  for  the  lively  Reprf- 
fentatiorv  of  the  Natural  Situation,  and  Pofitton  of  the  Earth  and 
Heavens,  and  are  ufe'ul  for  the  demonftrating  (by  Reprefentatioij 
and  Refutation  of)  any  Problem  belonging  to  the  Split  re  of  Hea¬ 
ven,  or  Earth,  either  in  Geography ,  Navigation ,  or  Aftronomy . 

3.  The  Appurtenances  appertaining  to  Material  Globes  are  Six; 
the' Body  or  Globe  itfelf.  Brazen  Meridian,  Quadrant  of  Altitude 
end  its  Screw,  Hour-Ctrcle  and  Index,  Wooden  Frame  or  Hori¬ 
zon,  and  Brafs  Semi-Circje  of  Pofitipn  ;  „  all  may  be  ufed  with 
either  Globe  ;  yet  the  laft  being  of  lealt  Ufe,  may  be  fupplied  by 
the  Quadnmt  of  Altitude. 

^  4.  I  he  Body,  or  Globe  itfelf,  is  an  Emblem  of  Heaven,  or  of 
Earth  ;  on  which  are  drawn  diyerfe  Lines  and  Circles,  ufeful  and 
proper  for  the  Explication  thereof. 

5.  The  Brazen  Meridian ,  is  the  Ring  in  which  the  Globe 
hangeth,  and  turneth  upon  its  Axis,  being  two  Wires  ifluingfrorq 
its  Body  ;  and  is  divided  into  four  Quadrants,  each  go  Degrees,  1 
2nd  figured  10,  ZO,  30,  £sV.  to  go. 
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6.  The  Quadrant  of  Altitude ,  is  a  narrow  thin  Slip  of  Brafs 
lith  a  Notch,  Nut,  and  Screw  at  one  End  ;  ’tis  divided  into  9cd. 
hich  by  Rotation  defcribe  the  Almicanters,  or  Circles  of  A1  ti¬ 
lde  and  the  Edge  reprefents  an  Azimuth  Circle. 

7’  Xhe  Hour  Circle  is  a  flat  Ring  of  Brafs,  fo  contrived,  that 
may  be  took  off,  and  fixed  about  either  Pole  of  the  Globe  ;  ’tis 
I ;ivided  into  24  Hours  of  a  Natural  Day  ;  each  Hour  is  divided  ui- 
j  Halves  and  Quarters,  to  this  belongs  an  Index  having  a  round 
[ole  at  one  End,  to  fix  it  on  the  Axis  of  the  Globe. 

8.  The  Wooden  Frame ,  or  Horizon ,  is  circular  and  flat,  in  which 
ie  Brazen  Meridian  doth  move  through  two  Notches,  diametri- 
Llly  oppofite,  and  alfo  in  a  third  Notch  made  in  a  Central  Piece 
if  Wood  or  Brafs  at  the  Bottom  of  it;  On  the  upper  Part  is  a 
Calendar,  filewing  the  Day  of  the  Month,  Sun’s  Place  in  the 
jcliptic,  the  Rumbs,  or  Points  of  the  Compaffes,  &c. 

!  o.  The  Semi-circle  of  Pofition,  is  a  Semi-Circle  of  Brafs;  the 
pper  Side  is  divided  into  180  Degrees;  it  ferveth  to  mealure  Di- 
ances,  either  on  the  Terreftrial  or  Cceleftial  Globe. 


Se£tion  II.  The  Defcription  and  Ufe  of  the  Terrefirial  Globe. 
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rHE  Terrefirial  Globe ,  hath  on  the  Superficies  of  its  Body,  the 
whole’ Form  and  Fafhion  of  the  Earth  and  Sea,  delcnbed  ; 
the  Circles  of  the  Sphere,  as  Equator,  Meridians,  i  ro- 

fs’f.  .  ,, 

In  order  to  a  clear  undemanding  the  Ufe  of  this  Globe,  ob- 

rve  thefe  following  Geographic  Definitions.  ' 

1  The  Earth ,  together  with  the  Sea ,  compofeth  that  round 
lody  called  the  Orb ,  or  Globe  of  the  Earth,  which  is  ciVcum- 

iribed  by  Lines  Real,  and  Imaginary. 

2.  The  Real  Lines,  are  fuch  as  agree  with  theTerrefiial  Globe 
y  Nature,  and  fo  divide  it  into  Continents,  Iflands  and  Seas :  I  he 
imaginary  Parts,  are  fuch  as  are  applied  to  it  by  Virtue  of  our  Un- 
erftanding;  and  not  being  materially  fuch,  are  fuppofed  to  oe  on 
re  Earth  :  Thefe  Imaginary  Lines  are  either  ftrait  or  circular. 

2.  The  Air,  is  a  ftrait  Line  imagined  to  pafs  through  the 
Center  of  the  Earth,  the  Extreme  Points  are  the  Poles  on  which 
rc  World  is  fuppofed  to  move;  one  called  the  Artie,  or  North 
‘ole  ;  the  other  the  Antartic,  or  South  Pole  ;  ’us  reprefented  by 

ae  Wires  on  which  the  Globe  turneth.  . 

4.  The  Circular  Lines ,  are  either  greater  as  the  Meridian, 
Iorizon,  Equator;  or  lefts,  as  Tropics,  Polar  Circles  Parallels 
f  Latitude. 

K  4  5* 
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5.  Meridian ,  is  a  Circle  patting  through  the  Poles  of  the  Earth 
the  Zenith  and  Nadir;  crofteth  the  Equator  at  Right  Angles,  an 
divideth  the  Earth  into  two  equal  Parts  ;  one  Eaft,  the  other  Weft 
it  is  fo  called,  becaule  when  the  Sun  cometh  to  the  Meiidian  c 
any  Place,  ’tis  then  Noon,  or  Mid-day  there;  they  are  infinite  i 
Number,  for  all  Places  from  Eaft  to  Weft  have  their  feveral  Me 
ridians. 

Of  thefe,  one  is  called  the  Firft,  or  Chief  Meridian,  fror 
which  the  Longitude  of  Places  is  reckon’d  ;  ’tis  of  fpecial  Not 
and  Ufe,  but  varioufly  placed  by  Geographers  ;  ’77s  frequently  re 
prefented  on  the  Globe  by  a  double  Line  palling  through  the  Poles 
and  is  divided  into  twice  go  Degrees,  numbred  from  the  Equato 
towards  each  Pole,  ending  in  go  Degrees. 

6.  7  he  Horizon,  is  that  Circle  which  comprehendeth  all  tha 
Space  of  the  Earth  which  is  vifible,  and  diftinguifheth  it  from  tha 
(lying  under  the  Horizon)  which  is  inviiib'e,  ’tis  either  Senftble  0 
Rational. 

1  he  Senftble  Horizon,  is  that  apparent  Circle,  which  extends  it- 
felr  quite  round  about  us,  dividing  the  Heavens  and  Earth  into  two 
unequal  Parts;  and  being  limited  by  the  Sight,  is  fometime: 
greater  or  Ids,  according/ to  the  Situation  of  the  Place. 

I  he  Rational  Horizon,  is  a  Circle  dividing  the  Heavens  anc 
Earth  into  two  equal  Parts,  who(e  Poles  are  the  Zenith  and  Na¬ 
dir  :  By  this  Circle  our  Days  and  Nights  are  mealured,  and  the 
diverfe  RifinPtS  and  Settings  of  the  Sun.  Moon,  and  Stars,  dn 


and  Settings  of  the  Sun,  Moon,  and  Stars,  do 
appear:  ’Tis  reprdfented  on  the  Globe  by  the  upper  Part  of  the 
Wooden  Frame. 


Ndie ;  The  Meridian 
Mutation  of  Places. 


and  Horizon ,  are  moveable  with  the 


- 


7-  Th eEquatop,  is  a  Circle  under  the  Equinodfial  in  the  Hea-1 
compaftlng  the  Earth  in  the  Middle  between  its  two  Poles, 
dividing  it  into  two  equal  Parts,  called  the  Northern  and  Southern 
fTcnulpheres  ;  from  it,  the  Latitude  of  Places  is  reckon’d,  either 
Noith  or  South;  This  Circle  is  repreiented  on  the  Globe  by  a 
di.uble,  pr  treble  Line,  divided  into  360  Degrees,  and  number’d 
1  20 ■>  3°,  & c •  fr°m  the  Left-hand  towards  the  Right,  till  it 

end  in  3^0  Degrees,  but  in  the  modern  Globes,  graduated  from 
the  firft  Meridian,  both  Ways,  10,  20,  30,  Is'c.  until  both  Gra¬ 
duations  meet  in  i8cd.  at  the  oppefite  Meridian. 

7  his  Circle  is  called  Equator,  becaufe  when  the  Sun  copiesi 
to  it,  which  is  twice  a  rear,  (vip.  about  the  2ift‘of  A'larch,  at 

his 
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[is  Entrance  into  Aries ;  and  again  into  Libra  5  about  the  23d.  of 
» pt ember )  he  makes  equal  Days  and  Nights,  throughout  the 
jCnrld  ;  And  upon  it  is  writ  in  Capital  Letters,  Linea  fub  / Equi - 
oit'taU,  or  Linea  Equniottialis. 

8.  The  Lefs  Circles,  described  on  Globes,  ase  called  Parallel 
Circles,  fome  of  which  have  particular  Names,  as  Tropics ,  and 
'olar  Circles. 

9.  The  Tropics  are  two,  being  parallel  to  the  Equator  and  di- 
ant  from  it  23d.  29m,  That  on  the  North  Side  of  it,  is  called 
ie  Tropic  of  Cancer,  at  which  the  Sun  hath  its  greatelt  North 
'eclination ;  then  making  to  us  (and  all  Places  in  North  Latitude) 
e  longed:  Day,  and  fhorteft  Night ;  which  is  about  the  21ft  of 
une  ;  The  other,  on  the  South  Side,  is  called  the  Tropic  of  Ca- 
icorn,  at  which  the  Sun  hath  his  greateft  South  Declination, 
aking  then  our  fhorteft  Day  and  Jongeft  Night,  which  is  about 
e  22d  of  December  ;  Thefe  Tropics  have  their  Names  thus,  Tro- 
\ftts  fub  Can/ro,  and  Tropicus  fub  Capricorno. 

10.  The  Polar  Circles  are  two,  being  alfo  parallel  to  the  Equa- 
r,  and  comparing  the  Poles  of  the  W odd,  at  23d.  29m.  Di- 
iince  ;  That  about  the  North  Pole  is  called  the  Artic-Circle ,  and 
e  other  the  A ntartic- Circle,  and  are  writ  thus,  Cir cuius  fub  Ar- 
0  Polo ,  and  Circulus  fub  Aniartico  Polo. 

Thefe  Tropics  and  Polar  Circles,  divide  the  Globe  of  the  Earth 
•o  five  Part*,  called  Zones,  of  which  three  were  accounted  by  the 
fcients  to  be  fo  intemperate  as  to  be  uninhabitable,  thefe  Zones 
e  called  Torrid,  Frigid,  and  Temperate-,  that  is,  one  Torrid  ox 
trning  Zone,  two  Temperate ,  and  two  Frigid  or  Frozen  Zones. 

1  r.  The  Torrid  Zone,  is  all  that  Space  of  Earth  and  Sea, 
hich  lieth  between  the  Tropics  of  Cancer  and  Capricorn. 

12.  The  two  Temperate  Zones,  are  contained  between  each 
jropic  and  a  Polar  Circle. 

13.  The  two  Frigid  Zones,  are  contained  between  each  Polar 
;rcle  and  its  Pole  ;  that  is,  one  within  the  Artie  Circle ;  and 
B  other  encompafied  by  the  Antartic. 

Thus  much  of  the  Imaginary  Lines,  and  Parts  of  the  Earth: 
he  Real  Parts,  are  Earth  and  Water,  in  general  divided  into 
ir  Parts  or  Quarters,  called  Europe,  Afta,  Africa ,  and  America  ; 
:h  of  thefe,  and  confequently  the  whole  Globe,  is  divided  into 
•ntinents,  Iflands,  and  Seas. 

14.  A  Continent,  is  a  great  Quantity  of  Land,  not  divided  by 
:  Sea,  wherein  are  feveral  Empires,  Kingdoms,  apd  Countries 

conjoin’d  ; 


/ 
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conjoined  ;  as  Europe ,  Afia ,  and  Africa  is  one  Continent, 
America  is  another. 

15.  An  Ifand ,  is  a  Part  of  the  Earth  that  is  environed  or  e 
compafled  round  by  the  Sea  ;  as  Great-Bntain,  and  alfo  Irelan 
lAc.  are  Iflands. 

In  Continents ,  and  Iflands,  are  thefe  Parts  obfervable,  viz.  Pe 
infula ,  Ifthmus,  and  Promontory. 

16.  Peninfula,  is  fuch  a  Part  of  Land  as  is  almoft  environ 
round  with  Water,  and  is  joined  to  the  Land  by  an  Ifthmus, 
the  Morea  in  the  Levant. 

17.  An  Ifthmus ,  is  a  narrow  Neck  of  Land  between  two  Se;: 
which  joineth  the  Peninfula  to  the  Continent,  as  Corinth 
Greece. 

18.  A  Promontory ,  is  a  high  Hill,  Mountain,  or  Cape  of  Lai 
that  fhooteth  itfelf  into  the  Sea.;  as  Cape  de  Verde ,  and  the  Ca 
of  Good  Hope  in  Africa. 

19.  A  Place ,  in  refpedt  to  the  Heavens,  is  either  Eaft,  We: 
North,  or  South. 

Thefe  Places  are  faid  to  be  Eaft,  which  lie  in  the  Eaftei 
Hemi'phere  (terminated  by  the  Full  Meridian)  or  where  the  St 
rifeth. 

And  thofe  are  Weft,  which  lie  Wefterly  of  the  faid  Meridia 


cr  towards  the  Setting  of  the  Sun. 


Thofe  Places  are  properly  North,  which  lie  betwixt  the  Equ; 
tor  and  the  Artie  Pole. 

And  thofe  Places  are  South,  which  lie  betwixt  the  Equati 
and  the  Antartic  Pole  ; 

But  according  to  general  Acceptation,  Places  are  faid  to  1 
North  or  South,  according  as  they  are  fuuate  to  the  Northward  r 
Southward  of  the  Equator,  even  to  each  Pole. 

The  Antients  have  divided  the  Inhabitants  of  the  Earth  ini 
Periceci ,  Anticeci,  and  Antipodes. 

20.  The  Periceci,  are  fuch  who  live  under  the  fame  Paralle 
but  in  oppofice  Points  of  it;  that  is,  they  are  in  the  fame  Lat 
tude,  but  their  Difference  of  Longitude  is  1 80  Degrees. 

21.  The  Anticeci ,  are  fuch  as  have  the  fame  Meridian,  ar 
equally  diftant  from  the  Equator,  but  the  one  North  and  tl 
other  South  ;  that  is,  twp  Places  in  one  Longitude,  and  each  i 
equal,  but  contrary  Latitudes 

22 
which 

ference  of  Latitude  and  Difference  of  Longitude  are  each  io 
Degrees,  and  fuch  walk  Feet  to  Feet. 

T! 


L)UL  LUiHJdiy  Lnmiuuw. 

1.  The  Antipodes ,  are  fuch  as  inhabit  two  Places  of  the  Earti 
:h  are  diametrically  oppofite  ;  that  is,  two  Places  whoie  iJi 

c  t  •.  1.  1  I  v  rr _  T  _ ...  . lad 


■ 
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The  Earth,  being  encompafled  with  Water,  whofe  Wafhings 
Currounding  the  dry  Land,  cut  out  and  fhape  many  winding 
ys,  Creeks,  and  meandring  Inlets,  giving  Terminations  to  the 
iur  Regions  of  the  Earth,  and  extending  itfelf  round  them  all, 
out  one  continued  Ocean.  Wherefore, 

The  Water ,  is  either  Ocean,  Seas,  Straits,  Creeks,  Lakes,  Ri¬ 
fs,  Bays,  lAc. 

23.  The  Ocean,  is  a  general  Collection,  or  Rendezvous  of  all 
|aters. 

24.  A  Sea,  is  a  Part  of  the  Ocean,  to  which  we  muft  fail 
3 ugh  fome  Strait;  as  the  Mediterranean,  and  Baltic  Sea. 

25.  A  Strait,  is  a  narrow  Part  of  the  Ocean,  lying  betwixt 
|>  Shores,  and  opening  a  Way  into  fome  Sea;  as  the  Straits  of 
>r altar,  that  leads  into  the  Mediterranean  Sea  ;  and  the  Sound , 
;ch  leads  into  the  Baltic  Sea. 

i6r*  A  Creek,  is  a  unall  narrow  Part  of  the  Sea,'  or  River,  that 
th  up  but  a  little  Way  into  the  Land. 

7.  A  Bay,  is  a  great  Inlet  of  the  Land,  as  the  Bay  of  Bifcay , 
the  Bay  of  Mexico ;  otherwife  a  Bay  is  a  Station,  or  Road 
Ships  to  Anchor  in. 

k. 8.  A  River,  is  a  fmall  Flux  of  of  Water,  flowing  within  the 
id,  courting  the  Banks,  whilft  they  their  Arms  dilplay,  to 
prace  her  Silver  Waves. 

9.  A  Lake,  is  that  which  continually  retains  and  keeps 
iter  in  it ;  as  the  Lake  Zair  in  Africa,  and  Lake  Nicaragua  in 
erica. 

[0.  A  Gulph,  is  an  Inlet  of  the  Land,  deeper  than  a  Bay,  as  the 
ph  of  Venice,  the  Gulph  of  Florida-,  in  which  are  fwift  and  ra- 
jCurrents. 

Of  the  Names  of  the  Ocean. 

l.  The  Ocean,  according  to  the  Four  Quarters,  had  four 
nes  ;  as  the  Eaflern  or  Oriental  Ocean ;  the  IVefern  or  Ce¬ 
ntal  Ocean,  the  Northern  or  Septentrional ;  and  the  Southern  or 
ndionol  Ocean-,  But  befides  thefe,  it  hath  other  particular 
nes  according  to  the  Continent  it  boundeth,  and  the  Nature 
the  Sea  ;  As  it  lies  extended  towards  the  Eaft,  it  is 
nd  the  Chine fe  Sea,  from  the  adjacent  Country  of  China 
yards  the  South,  it  is  called  Oceanus  Jndicus ,  or  the 
vn  Sea  ;  Where  it  wafheth  the  Coaft  of  Perfta,  it  is  called 
'e  Perftcum ;  In  like  Manner,  Mare  Arabicum  from 
i Via ;  and  fo  towards  the  Weft,  it  is  the  Ethiopian  Sea. 

Then 
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Then  the  Atlantic  Ocean ,  from  Atlas  a  Mountain  in  Afrit 
But  near  to  America ,  it  is  called  by  the  Spaniards ,  Mar-del-No, 
and  on  the  other  Side  of  America ,  it  is  Mar-del-Zur ,  or  Mi 
Pacificum. 

Where  it  touches  upon  Spain ,  ’tis  Ocranus  Hifpanicus ;  by  1, 
Eng/ijb,  the  Bay  of  Bifcay  ;  Between  England  and  France , 
called  the  Englifh  Channel ;  Between  England  and  Ireland ,  1 
Irijh  Sea,  or  St.  George's  Channel ;  Between  England  and  Fi 
land ,  by  fome  the  German ,  but  rather  the  Britijh  Ocean  ;  Nor 
ward  of  Scotland ,  ’tis  called  Cale  don't  urn  •,  More  Norther 

’tis  the  Hyperborean ,  or  Frozen  Sea  ;  More  Eafterly,  ’tis  the  Ft 
tarian  Sea,  or  Scythian  Ocean,  &c.  Thus  much  lor  the  Nan 
of  the  Ocean.  Next, 

Of  the  Names  of  the  Seas. 

32.  The  Baltic  Sea,  by  the  Dutch  the  Oojl  Zee ,  lying  befwt 
Denmark ,  Sweden ,  and  Germany ,  whofe  Entrance  is  called  1 
Sound:  The  Marc  Mediterraneum,  by  the  Englifo  the  Straits', 
the  Spaniards ,  Mar-del  Levant ,  the  Entrance  whereof  is  cal 
the  Straits  of  Gibraltar  :  Then  Bantus  Euxinus ,  or  the  Black  S 
to  which  joins  Palus  A'leotis ,  now  Mar-del  Zabeche ;  Then  t 
Cafpian ,  or  Hircanean  Sea ;  Then  the  Arabian  Gulf  Mare  I 
brum ,  or  the  Serf;  And  the  Pcrftan  Gulf  or  Gzc/f  de  l 
cat  iff.  See. 

Of  the  Divifton  of  the  Earthly  Glebe. 


33.  The  Globe  of  the  Earth  (as  was  laid  before  in  Def  r 
is  divided  into  four  Parts,  viz.  Europe ,  Afta ,  Africa ,  America. 

34.  Europe  is  bounded  towards  the  North  by  the  Northe 
Ocean,  or  Frozen  Sea ;  on  the  South  by  the  Mediterranean  Si 
lying  betwixt.it  and  Africa  ;  on  the  Eaft  with  the  River  Fanai 
and  on  the  Weft  by  the  Weftern,  or  Atlantic  Ocean  ;  whe 
chief  Provinces  are, 

Sweden,  Norway , 

France ,  Spain, 

Hungary ,  Sclavonics, 

Romania ,  Part  of  Fartaria. 

The  principal  I  Hands  are. 

Great  Britain,  Ireland,  Sardinia,  Sicily , 

Corjica ,  Candia,  Negro  pent,  Cyprutk 

35.  Ajia,  is  bounded  on  the  North  with  the  Northern,  ai 
Fartarean  Ocean  ;  on  the  South  with  the  Arabian  Gulf,  or  R , 
Sea  :  on  the  Eaft  with  the  Indian  Ocean  ;  and  on  the  Weft  wi 
the  River  Fanais. 

T 


Poland, 
Denmark , 
Portugal, 
Greece , 


Mufcovia, 

Germany, 

Italy, 

Dalmatia, 


1 

rid. 
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'urky  in  Afa, 
'Natolia, 


i yria , 

Media , 


Perfia, 
Chaldea , 
Georgia , 
India. 


The  chief  Regions  are, 

Arabia ,  Tartaria, 

Mefopotamid ,  AJfyria , 

Armenia,  Palejiina , 

Part  hi  a,  China , 

The  principal  Iflands  are, 

Sumatra ,  Borneo ,  &c.  in  the  Oriental  Ocean. 
Rhodes ,  in  the  Mediterranean. 

Scio,  Samos ,  &c.  in  the  Archipelagus. 

56.  Africa  is'  bounded  on  the  North  with  the  Mediterranean ,  on 
Kaft  with  the  Red-Sea ,  on  the  South  with  the  /Eilnopic  or 
Irthern  Ocean,  and  on  the  Weft  with  the  Atlantic  Ocean. 


Japan, 
lyprus. 
Metelino , 


The  principal  Provinces  are, 

Barbary ,  Monomotapa , 

Delerts  of  Zara,  Negroland ,  Biledulgerid, 

Nubia,  Guiney,  ^Ethiopia,  or  Abyjfmia. 

It’s  Iflands  are, 

The  Canary  Iflands,  .  Cape  de  Verde  Iflands, 

The  Iflcs  of  Azores,  Madeira  Iflands, 

St.  Thomas ,  Madagafcar,  or  Sr.  Lawrence , 

Malta ,  in  the  Mediterranean ,  5/.  Helena. 

37.  America ,  is  bounded  on  the  North  with  the  Northern  Ocean, 
the  Eaft  with  the  Atlantic  Ocean,  on  the  South  with  the  Afo- 
lanic  Sea,  and  on  the  Weft  with  the  South-Sea,  or  /Mar  del  Zur  : 

;  divided  into  two  Parts,  viz,  Mexicana,  and  Peruana. 

Mexicana ,  or  North  America ,  hath  thele  Provinces  ; 
New-Spain ,  Terra  Florida,  Carolina,  Virginia  and 
Maryland,  Penfilvania,  New-ferfcy,  New -York, 

New -England,  New-France,  Greenland,  whether  Continent 

or  Ifland  is  not  yet  known. 
The  chief  Iflands  of  Mexicana,  are, 
or  Iceland,  California ,  New -found- land ,  Bermudas,  this 
by  lateft  Accounts  feems  to  be  a  Peninfula. 
Peruana  or  South  America,  hath  thefe  Provinces  ; 
rra  Alagellanica,  Brazilia,  Chili ,  The  Amazons ,  Guiana , 

Peru,  Panama ,  Carthagena,  Peragua,  or  Rio- de-la-P lata. 

The  principal  Iflands  ot  Peruana,  are, 
rra  del  Fuego,  Hifpaniola,  Cuba,  Jamaica,  Porto  Rico ,  Bahama, 
Bermudas, . Barbadoes ,  and  the  reft  of  the  Caribbee-Ifands,  he. 
Moluque  or  Molucca  1  funds,  Java- Major,  Java  the  lefs,  and 
any  other  Iflands  in  the  Eajl-lndies . 


Having 
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Having  defcribed  the  Lines  and  Circles,  and  the  Parts  beloi 
ing  to  the  Terreftrial  Globe,  the  Ufes  of  all  take  in  the  follow 
Problems. 

Problem  1.  To  find  the  Latitude  of  any  Place  upon  the  Globe. 

The  Rule.  Bring  the  propofed  Place  juft  under  the  Brafs  Me 
dian,  and  note  what  Degree  (on  the  faid  Meridian)  ftands  agai 
it,  which  is  the  Latitude  thereof.  Or  thus. 

With  a  pair  of  Compafles,  take  the  neareft  Diftance  from 
propofed  Place  (on  the  Globe)  to  any  Parallel  of  Latitude,  a 
lay  it  on  the  graduated,  or  firfl  Meridian  from  the  faid  Parall 
the  fame  Way  the  propofed  Place  lieth  from  it,  the  other  Fc 
fheweth  the  Latitude  required. 

Example.  Let  it  be  required  to  find  the  Latitude  of  the  Liza 
in  England  ? 

Turn  the  Body  of  the  Globe  ’till  the  Lizard  be  juft  under  t 
Brafs  Meridian,  and  you’ll  find  4gd.  57m.  right  againft  itj  whi 
is  the  Latitude  of  the  Lizard.  Or  thus, 

Take  the  neareft  Diftance  (on  the  Globe)  from  the  Lizard 
any  Parallel  of  Latitude  ;  'apply  the  fame  to  the  graduated  Met 
djan,  and  it  fheweth  the  Latitude  49^*  57^*  <is  before. 

Note  ;  All  thofe  Circles  on  the  Globe,  which  are  parallel  to  tl 
Equator,  are  called  Parallels  of  Latitude. 

Problem  2.  To  find  the  Longitude  of  any  Place  on  the  Globe . 

The  Rule.  1.  Turn  (as  before)  the  Globe  ’till  the  propofe 
Place  lies  juft  under  the  Brafs  Meridian,  and  there  keep  it  fteady. 

2‘  P^ferve  what  Degree  of  the  Equator  lieth  under  tl 

Brafs  Meridian,  and  that  s  the  Longitude  required. 

Example.  I  demand  the  Longitude  of  the  Lizard  in  England  ? 

Bring  the  Lizard  under  the  Brafs  Meridian,  and  then  the  Bra! 
Meridian  cutteth  the  Equator,  in  i8d.  22m.  the  Longitude  re 
quired.  ° 

Note ;  The  Globes  formerly  made  in  England  be^un  Longitud 
at  the  Meridian  of  the  Ifland  of  St.  Michael ,  one  of  the  Wefter 
or  Azore  Lies,  which  is  Weft  from  the  Meridian  of  London  (ac 
cording  to  the  Manner's  Compafs  Rectified,  and  alfo  the  Mariner 
Calendar )  23d.  36m. 

And  accordingly  the  Lizard's  Longitude  is  5d.  14m.  Weft  fror. 
London:  This  Difference  in  the  Longitude  of  Places,  is  occa 
ironed  by  the  different  Beginnings  of  Longitude  by  different  Au 
tnors,  which  the  Student  is  defired  to  confider. 

Brobler 
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iproblem  3.  To  find  the  Dfiance  of  any  two  Places  on  the  Globe. 

The  Rule.  1.  Lay  the  Beginning  of  the  Degrees  on  the  Qua¬ 
drant  of  Altitude,  upon  one  of  the  propofed  Places,  and  count 
aw  many  Degrees  on  it,  are  contained  between  both  Places, 
hich  is  the  Diftance  required. 

2.  Thofe  Degrees  being  multiplied  by  60  for  Nautic,  and  70 
r  Geographic  Miles,  the  Product  is  the  Diftance  in  Minutes. 
I' r  thus, 

Take  the  Diftance  between  the  two  Places  with  a  Pair  of  Com- 
ifles ;  then  mcafure  that  Diftance  on  the  Equator,  counting  the 
egrees  intercepted  between  both  Feet,  and  it  will  fhew  the  Di¬ 
lutee  required. 

Note  ;  The  Diftance  found  by  this  Problem,  is  the  fhorteft  Di- 
mce ;  or  their  Diftance  in  the  Arc  of  a  Great  Circle,  which  is 
fs  than  their  Diftance  in  the  Rumb,  leading  from  one  to  the 
her ;  except  both  Places  lie  under  one  Meridian,  or  in  the 
quator. 

Example.  I  demand  the  Difiance  between  the  Lizard  and  the 
land  of  Barbadoes. 

If  you  lay  the  Edge  of  the  Quadrant  of  Altitude  on  both  Places, 
id  the  Beginning  of  the  Degrees  of  it  on  one  of  the  Places,  you 
fell  find  on  the  Quadrant  of  Altitude  57  Degrees  intercepted  be- 
'een  thenj,  which  is  the  Diftance;  and  being  multiplied  by  60 
I  70,  gives  3420  Nautic,  or  3990  Geographic  Miles. 

oblem  4.  To  find  the  Angle  of  Pcfition  of  Places  ;  that  is ,  The 
Angle ,  the  Arc  of  a  Great  Circle  paffing  over  two  given  Places , 
1  makes  with  the  Meridian  of  either  of  them. 


The  Rule.  1.  Rectify  the  Body  of  the  Globe  to  the  Latitude  of 
lie  of  the  given  Places. 

2.  Bring  the  fame  Place  under  the  Brafs  Meridian,  and  there 
y  the  Body  of  the  Globe. 

I  3.  Screw  the  Quadrant  of  Altitude  faft  on  the  Brafs  Meridian, 
;ht  over  the  faid  Place. 

4.  Then  lay  the  graduated  Edge  of  the  Quadrant  of  Altitude 
the  other  Place,  and  the  faid  Edge  will  cut  the  Horizon  in  the 
egree  of  Pofition  required. 

Example.  Let  it  be  required  to  know  the  Angle  of  Pcfition  of 
rbadoes  from  the  Lizard  ? 

1.  Bring  the  Lizard  to  the  Brafs  Meridian,  and  there  refting 
Body  of  the  Globe,  you  will  find  the  Latitude  of  the  Lizard 
be  49d.  57m.  2.  Move 
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2.  Move  the  Brafs  Meridian  (keeping  the  Body  of  the  Glob 
fixed  as  before)  higher  or  lower,  until  57m.  on  it  do  cut  th 
Horizon  (on  the  North-fide  thereof,)  then  is  the  Globe  re&ifiei 
to  the  Latitude  of  the  Lizard:  7'he  like  you  mult  do  in  rectify 
ing  the  Globe  for  any  other  Place,  or  Latitude. 

3.  Screw  the  Quadrant  of  Altitude  to  49d.  57m.  on  the  Braf 
Meridian,  which  is  juft  over  the  Lizard,  (if  the  Globe  be  not  re 
turned  from  its  Poiition  as  In  the  tirft  Step  hereof.)  and  turn  tin 
graduated  Edge  of  it  to  Barbadoes,  the  faid  Edge  will  point  on  th- 
Horizon  to  69  Degrees  South  Wefterly ;  which  is  the  Angle  0 
Pofition  of  Barbadoes  from  the  Lizard ;  that  is,  the  Angle,  the 
Arc  of  a  great  Circle  palling  through,  or  over  the  two  Places 
makes  with  the  Meridian  of  the  Lizard ,  which  is  not  the  Rumb 
leading  from  the  firft  to  the  fecond  ;  For,  if  you  re&ify  the  Globe 
to  the  Latitude  of  Barbadoes ,  and  fo  proceed  as  before  dire&ed,  yoi 
will  find  the  Angle  of  Pofition  to  be  38  Degrees  North-Eafterly 
the  Pofition  of  the  Lizard  from  Barbadoes ,  which  is  31  Degree! 
lefs  than  the  Pofition  of  Barbadoes  from  the  Lizard-,  whereby  ij 
appears  neither  of  thefe  are  the  true  Rumb,  or  Point  of  the  Com- 
pafs  leading  from  one  Place  to  the  other  :  For  you  are  to  Note ;  / 

1.  Tha°  the  Rumb-lines,  or  Points  of  the  Compafs,  make 
eoual  Angles  with  all  Meridians  on  the  Globe. 

1 2.  That  an  equal  Segment,  or  Part  of  the  faid  Rumb,  changetE 
or  altereth  the  Latitude  in  all  Places  equallv. 

3.  That  the  Rumb  Lines,  tho’  continued  never  fo  far,  do  no 
pafs  into,  or  through  the  Poles,  but  wind  about  them  ’till  the) 

lofe  themfelves.  I> 

4.  Thefe  Rumb  Lines  are  reprefented  upon  the  Globe  by  thofi 
Spiral-Lines,  which  you  fee  are  32  in  Number,  meeting  in 
Center,  where  ther.e  is  a  Flower-de-Luce  poifiting  to  the  North 
from  thence  they  run  winding  about  the  Globe,  and  continue  in 
dining  towards  the  Pole,  where  they  feem  confufed. 


1 

Problem  5.  Two  Places  being  given-,  to  find  their  Rumb,  Bearing, 
or  Courfe  in  failing  from  one  to  another. 

The  Rule,  1.  Having  found  the  two  Places  on  the  Globe,  fes 
what  Rumb-Line  pafieth  through  both  of  them,  and  that  is  tin 
Rumb,  or  Courfe  from  one  to  another. 

2.  If  no  Rumb-Line  pafs  through  both  Places,  then  obferv 
that  which  runneth  parallel  to  both  Places,  and  that  is  the  Rumb 
or  Courfe  from  one  to  the  other. 

Exampl 
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Example  I.  I  demand  the  Courfe  from  the  Lizard  to  Cape  Cod 
New  England  ? 

)n  the  Globe  you  will  find  thefe  Places  to  lie  on  theW.  by 
land  E.  by  N.  Rumb  Line,  and  therefore  the  Courfe  from  the 
ard  to  Cape  Cod,  is  W.  by  S.  and  confequently  from  Cape  Cod 
he  Lizard  E.  by  N. 

Example  2.  1  demand  the  Courfe  from  //^Lizard,  to  the  If  and 
badoes  ? 

fere  no  Rumb-Line  on  the  Globe  pafleth  over  them  ;  where- 
:  look  for  a  Rumb  to  which  the  Place  lies  molt  parallel,  and 
11  find  it  S.  W.  half  W.  the  Courfe  from  the  Lizard  to  I, 
'dadoes ;  and  NE.  half  E.  from  I.  Barhadoes  to  the  Lizard. 
Idem  6.  Courfe  and  Diftancc  failed  being  given ;  to  firid  tlii 
Difference  of  Latitude  and  Difference  of  Longitude 
he  Rule.  I.  Make  a  fmallMarkon  that  Rumb  Line  (whiefr 
ne  given  Courfe)  in  the  Latitude  of  the  Place  you  fail  from, 

£  that  Mark  to  the  Brafs  Meridian,-  and  it  cuts  the  Equator 
s  Longitude. 

]  Take  the  Diftance  failed  from  the  Equator ;  and  lay  it  on 
Paid  Rumb,  from  the  forefaid  Mark}  at  the  Termination 
•of  make  another  Mark. 

Then  bring  the  Second  Mark  to  the  Brafs  Meridian,  which 
lie  Latitude  of  that  Place}  and  then  the  Meridian  cuts  the 
itor  in  the  Longitude  of  it. 

Having  the  Latitude  and  Longitude  of  thofe  two  Place3; 
red  in  the  Rumb  Line,  by  Subtraction  you  may  find  their 
fence  of  Latitude  and  Difference  of  Longitude,  and  it  is 

trample.  Suppofe  a  Ship  fails  S.  W.  by  W.  200  Leagues ,  or 
degrees  from  the  Lizard :  I  demand  her  Difference  of  Lati- 
«nd  Difference  of  Longitude-,  or  what  Latitude  and  Lon»i~ 
\fhe  is  in  t  * 

Make  a  Mark  on  the  S.  W.  by  W.  Rumb,  juft  under  49J.  ' 
.  (the  Lizard's  Latitude)  and'  then  the  Meridian  cuts  the 
tor  in  5d.  14m.  W.  the  Longitude  of  that  Mark. 

Take  10  Degrees  from  the  Fquator,  and  lay  it  on  the 
.  by  W.  Rumb,  from  theFirft  Mark  to  the  Second  Mark. 
Bring  the  fecond  Mark  to  the  Brafs  Meridian,  and  the 

Iude  of  it,  is  4qd.  40m.  the  Lat,  the. Ship  is  in,  and  in  the' 
tor  the  Long,  of  it  is  17'd.  59m.  W.  by  Subfradliori,  thO 
of  Lat.  is  5d.  17m.  and  DifF  of  Long,  is  i2d.  45m.  Lon- 
e  in  this,  and  all  thefucceeding  Problems  being  eftimated 
the  Meridian  of  London :  But  here  you  muf  note  ; 

L  That 


1 62  The  Ufe  of  the  Terreflrial  Globe.  Chap.  V 

That ,  The  Diftance  failed  intirely  taken,  and  laid  on  i 
Rumb,  is  the  Diftance  in  the  Arc  of  a  Great  Circle,  and  1 1 
really  in  the  Rumb  ;  for  the  Diftance  in  the  Great  Circle 
always  lefs  than  the  Diftance  in  the  Rumb;  Wherefore,  the  b 
ter  way  will  be,  to  take  1,2,3,  (or  fome  Number  of)  l' 
grees  of  the  Equator;  aud  run  that  Diftance  (in  the  Compafl 
over,  upon  the  Rumb  Line,  from  theFirft  Mark  to  the  Secor 
and  in  fo  doing,  the  Diftance  is  more  truly  laid,  than  by  taking 
at  once. 

Problem  7.  Both  Latitudes  and  Courfe  .given  ;  to  find  the  Dijia 
and  Difference  of  Longitude. 

The  Rule.  1.  Turn  the  Body  of  the  Globe  ’till  the  given  Rui 
doth  cut  the  Brafs  Meridian  in  the  Latitude  you  depart  from,  2 
there  make  a  Mark  on  the  Rumb,  and  at  the  fame  Time, 
what  Degree  of  the  Equator  is  cut  by  the  Meridian;  for  that 
the  Longitude  of  this  Mark. 

2.  Turn  the  Body  of  the  Globe  ’till  the  fame  Rumb  cuts  r 
Meridian  in  the  Latitude  of  the  fecond  Place,  and  there  ma 
another  Mark  on  the  Rumb  ;  then  fee  what  Degree  of  the  Eqt 
tor  is  cut  by  the  Meridian,  which  is  the  Longitude  of  the  fecol 
Mark  ;  and  the  lefs  Longitude  fubtracled  from  the  greater,  gi\ 
the  Difference  of  Longitude  required. 

3.  The  Diftance  between  the  two  Marks  on  the  Rumb-Lir 
being  meafured  (according  to  the  Note  in  the  laft  Problem)  on  t 
Equator,  gives  the  Diftance  of  the  two  Places. 

Example.  If  a  Ship  fails  SW.  by  W.  from  the  Lizard,  ’till 
Ohfervation  Jhe  is  in  Latitude  q+d.  40m.  North  ;  I  demand  h 
Diftance  failed ,  and  what  Longitude  Jhe  is  in  ? 

1.  Bring  the  S  W.  by  W.  Rumb  to  cut  the  Meridian  in  49 
37m.  the  Lizard's  Latitude,  and  make  a  Mark  on  that  Run 
there,  then  the  Meridian  cuts  the  Equator  in  5d.  14m.  W.  t 
Longitude  of  that  Mark. 

2.  Turning  the  Globe  ’till  the  S  W.  by  W.  Rumb  cuts  t 
Meridian  in  44d.  40m.  the  Latitude  of  the  fecond  Place,  ai 
making  there  a  Mark  on  the  Rumb  ;  then  the  Meridian  cuts  tl 
Equator  in  1  yd.  59m.  W.  the  Longitude  of  the  fecond  Mark  ;  Ai 
therefore  the  Difference  of  Longitude ,  is  I2d.  45m.  Weft;  whii 
being  added  to  the  Longitude  of  the  Lizard ,  5d.  14m.  W.  t! 
Sum  is  ryd.  '59m.  W.  the  Longitude  the  Ship  is  in. 

3.  Take  2  Degrees  from  the  Equator,  and  run  over  th 
Diftance  in  the  Compaft.es  upon  the  Rumb,  from  the  fir 
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lark  to  the  Second,  and  ’tis  five  Times,  which  is  iod»  or  200 
eagues,  the  Diftance  failed  on  that  Rumb. 

roblem  8.  Having  the  Latitude ,  and  Longitude  the  Ship  is  in 
given ;  to  find  the  Place  where  the  Ship  is  in,  on  the  Globe. 

The  Rule.  j.  Bring  the  Longitude  to  the  Brafs  Meridian,  and 
ere  flay  the  Body  of  the  Globe. 

2.  Where  the  given  Latitude  cuts  the  Globe,  make  a  Mark  on 
e  Body  of  the  Globe,  which  Mark  is  the  Place  of  the  Ship  at 
it  Time. 

Example.  Jf  a  Ship  fails  S.  W.ly.  from  the  Lizard,  and  after 
oe  ‘Time  is  in  Latitude  4.4.6.  40m.  and  Longitude  1  yd.  59m.  W. 
iemand  the  Place  of  the  Ship  on  the  Globe  ? 

1.  Bring  lyd.  59m.  W.  on  the  Equator  to  the  Brafs  Meridian,  I 

|l  there  ftay  the  Globe. 

2.  Juft  under  44d.  40m.  N.  on  the  Brafs  Meridian,  make  a 
irk  on  the  Body  of  the  Globe,  and  that  is  the  Place  of  the 
p  at  that  Time. 

Seelion  III.  The  Defription  of  the  Cceleftial  Globe. 

“'HE  Ccelejlial  Globe  reprefents  that  glorious  Canopy,  fo 
.  richly  embroider’d  and  belet  with  thofe  lparkling  Diamonds, 
t  upon  the  Sulky  Cheeks  of  the  Night  hang  as  rich  Jewels  in 
Ethiopian’s  Ear  ;  having  upon  it’s  Convexity  artificially  placed 
|the  Stars,  correfpondent  to  their  Natural  Situation  in  the  Con- 
ity  of  the  Orb,  which  we  call  the  Starry  Heavens. 

The  Appurtenances  belonging  to  this,  are  the  fame  with 
fe  belonging  to  the  Terreftrial  Globe  5  and  being  before  de- 
ped  in  Section  r.  of  this  Chapter ,  I  tefer  you  to  it. 

'•  On  the  Body  of  the  Globe,  befides  the  Conftellation?, 
e  are  drawn  diverfe  Circles ;  as  the  Equinoctial,  Ecliptic ,  Co- 
|t,  Meridians ,  and  Circles  of  Longitude-,  All  thefe  are  called 
at  Circles.  The  Lefier  Circles  are  the  Tropics ,  Polar  Circlts, 

Parallels  of  Declination. 

.  l  he  Equinoctial  in  this,  is  the  fame  with  the  Equator  in  the 
•ejlrial Giobe,  and  in  the  fame  Manner  divided,  and  number’d 
1  ^he  Left-hand  towards  the  Right,  with  10,  20,  30,  &c.  to 

Degrees. 

fe  Poles  of  the  Equinoctial  are  alfo  called  the  Poles  of  the 
Id,  and  are  reprefented  by  the  two  Wires  on  which  the  Body 
ie  GioDe  turneth. 

L  2  5.  The 
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5.  T^e  Ecliptic  is  a  great  Circle  which  croffeth  the  Equ 
noctial  in  two  oppofite  Points,  the  Beginning  of  Ariel ,  ar 
Libra  \  it  is  divided  into  twelve  (equal  Parts  called)  Signs,  eac 
containing  30  Degrees,,  and  figured  from  the  Left-hand  towari 
the  Right!,  10,  20,  30;  then  to,  20,  30,  &c.  having  tl 
Figure,  Character,  and  Name  of  each  Sign,  as  followeth 


Aries  T']  (Libra 

Taurus  |  |  Scorpio  !ft  | 

Gemini  JL  Signs^  ^afltta} ms  /  )>Southern  Signs, 

Cancer  °s>!  5  ■  Capricornussrp  f  a 

Leo  I  I  Aquarius  ZZ  I 

Virgo  K^Pifces 


This  Circle  with  its  Figures  and  Characters,  are  on  bo 
Globes  ;  but  the  Cceleftial  hath  the  Images  and  Names  of  tl 
Signs,  which  the  Terreftrial  hath  not. 

Under  this  Circle  the  Sun  moves  in  his  Annual  Courfe  ;  b 
the  reft  of  the  Planets  have  their  Deviations  from  it ;  for  whii 
Reafon  Ajhononiers  have  aftigned  Eight  Degrees  on  each  Side  t 
Ecliptic ,  making  the  whole  Latitude  to  be  16  Degrees,  whi« 
Breadth  is  called  the  Zodiac. 

The  Zodiac  is  not  drawn  on  the  Globe,  only  imagined 
two  Circles  parallel  to  the  Ecliptic ,  at  eight  Degrees  Diftance  fro 
it,  on  each  Side  thereof. 

The  Poles  of  the  Ecliptic ,  are  two  oppofite  Points,  each  23 
29m,  diftant  from  its  correfpondent  Pole  of  the  World  :  In  the 
the  Circles  of  Longitude  all  meet,  and  near  each  is  writ  Pol 

Eclipticus. 

6.  The  Meridians  are  the  fame  as  before  on  theTerreftri 
Globe,  only  with  this  Difference,  on  this  they  are  drawn  throu| 
every  30th  Degree  of  the  Equinoctial,  on  that  through  eve 

1  5th  Degree  of  the  Equator;  in  both,  they  all' meet  in  the  Pol 
of  the  World.. 

7.  The  Colures ,  are  two  Meridians,  cutting  each  other 
Right-anples  in  the  Poles  of  the  World,  dividing  theEquinocSl 
and  Ecliptic  into  4  equal  Parts ;  the  one  paffeth  thro’  the  begi 
j  1 ; n g  of  Aries  and  Libra,  the  two  Equinoctial  Signs;  therefc 
ca’  cd  the  Equinoctial  Colure;,  and  on  the  Globe  it  is  divid 
into  Degrees,  numbred  from  the  Equinoctial  both  Ways,  I 

2  >,  3’',  &c.  ending  in  90  at  each  Pole  of  the  World:  It  gen 
nerallv  hath  thefe  Words  near  it,  Colurus  Equinodliorum. 

The  other  paffeth  thiough  the  beginning  of  Cancer  and  C 
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corn ,  the  two  Solftitial  Signs,  therefore  called  the  Solfitial 
lure ;  This  pafleth  through  the  Poles  of  the  World,  and  Poles 
I  the  Ecliptic:  JTis  diftinguifhed  on  the  Globe  by  thefe  Words, 
lurus  Solfitiorum. 

8.  The  Horizon  is  a  great  Circle  90  deg.  diftant  from  the 
j:nith,  and  Nadir,  cutting  all  Azimuth  Circles  at  Right- 
igles,  and  divided  the  World  into  tvito  equal  Parts,  the  up- 
[r  and  vifible  Hemifphere,  and  the  lower  and  invifible  :  ’Tis 
>refented  by  the  upper  Side  of  the  wooden  Frame,  on  which  is 
double  Calendar  of  Months  and  Days,  according  to  the  Old 
d  New  Stile,  with  the  Winds  or  Points  of  the  Compafs,  and 
Circle  of  Signs  with  their  Degrees. 

The  Zenith ,  and  Nadir ,  are  two  Points  diametrically  oppo- 
and  are  the  Poles  of  the  Horizon :  The  Zenith  is  the  Ver- 
\il  Point ,  or  Point  over  Head ;  the  Nadir  is  directly  oppofite 
reto, 

9.  The  Azimuths  or  Vertical  Circles ,  are  Great  Circles  in- 
Ifedting  each  other  in  the  Zenith  and  Nadir,  and  cutting  the 
>rizon  at  Right  Angles ;  Thefe  Circles  are  not  drawn  on  the 
idy  of  the  Globe,  but  are  reprefented  by  the  Quadrant  of  Al~ 
ide,  when  ’tis  fcrew’d  in  the  Zenith. 

10.  Circles  of  Longitude ,  are  great  Circles  interfering  each 
Her  in  the  Poles  of  the  Ecliptic,  and  cut  it  at  Right  Angles ; 
tefe  are  reprefented  by  the  Quadiant  of  Altitude  when  it  is 
ew’d  over  the  Poles  of  the  Ecliptic;  and  on  the  Body  of  fome 
obes ;  12  of  thefe  Circles  are  diawn,  palling  through  the 
tinning  of  the  T welve  Signs. 

Thus  much  for  the  Great  Circle. 

The  Defription  of  the  Lefs  Circles. 

•Lffs  or  Small  Circles ,  are  thofe  which  divide  the  Globe 
o  two  Unequal  Parts,  and  are  parallel  to  fome  Great  Cir- 
s,  therefore  called  Parallel  Circles ,  and  are  of  three  Kinds, 
S.  Parallels  of  Declination ,  Parallels  of  Altitude ,  and  Parallels 
Latitude. 

xi.  Parallels  of  Declination ,  are  parallel  to  the  Equinoc- 
,  imagined  to  pal's  through  every  Degree  and  Minute  of 
:  Meridians,  between  the  Equinoctial  and  each  Pole  of  the 
01  Id,  and  are  the  fame  with  the  Parallels  of  Latitude  on  the 
'ref  rial  Globe. 

The  Tropics  and  Pohr  Circles ,  are  Parallels  of  Declina- 
n,  and  the  lame  as  before  in  the  Defciiption  ot  the  Terreftrial 

obe. 
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12.  Almicanters ,  or  Parallels  of  Altitude ,  are  parallel  to  the 
Horizon,  imagin’d  to  pafs  thro’  every  Degree  and  Minute  of  an 
Azimuth  Circle,  and  alfo  of  the  Meridian  of  a  Place,  between 
the  Horizon  and  the  Zenith  of  that  Place :  Thefe  are  defcribed 
by  the  Divifions  or  Graduations  on  the  Quadrant  of  Altitude  in 
its  Motion  about  the  Body  of  the  Globe,  when  it  is  fcrew’d  ir 
the  Zenith  of  any  Place, 

13.  Parallels  of  Latitude ,  are  fmall  Circles  parallel  to  the  Eclip 
tic,  imagined  to  pafs  through  every  Degree  and  Minute  of  the 
Co’lures,  or  any  Circle  of  Longitude,  between  the  Ecliptic  anc 
the  Poles  thereof:  Thefe  are  reprefented  by  the  Divifions  of  the 
Quadrant  of  Altitude  in  its  Motion  round  the  Body  of  the  Globe 
when  it  is  fcrew’d  over  the  Poles  of  the  Ecliptic. 

Having  defcribed  the  imaginary  Circles  of  the  Cceleftial  Globe 
we  proceed  now  to  the  Defcnption  of  the  Stars,  thofe  gloriou 
Diamonds,  fparkling  in  the  immenfe  Expansion  of  the _  Firma¬ 
ment,  encircling  the  Terreftrial  Orb  at  unmeafurable  Diftances 
which  for  Multitude  feem  innumerable,  yet  the  greateft  and  mor< 
vifible  may  be  number’d,  and  nam’d  :  And  for  this  Purpofe  Ajlro- 
nomers  (for  Order,  and  Method-fake)  have  reduced  many  Star: 
into  ore  Image,  or  Conftellation,  the  better  to  know  where  tc 
find  them  ;  and  being  found,  how  to  exprefs  them. 

14.  The  Number  of  Conflellations  commonly  drawn  on  the 
Body  of  the  Cceleftial  Globe,  are  66,  and  are  as  followeth  : 


The  Northern  Conflellations  are  23,  viz. 


1 .  Ur  fa  Miner 

2.  Ur  fa  Major 

3.  Draco  - - 

4.  Cepheus - - 

5.  Bootes  - - 

6.  Corona  Borealis 


Hercules 


8.  Lyra  - 

9.  Olon,  or  Cygnus 
JO.  Cajffiopeia 
i  j .  Perfeus ,  and  Caput 


Stars 

-  9 
33 
36 
1 1 
22 
8 

3° 

xo 


-  27 
23 


12.  Auriga 


Star 

—  h 


13.  Serpentarius 

14.  Serpens  - - 

15.  Sagitta - 

16.  Aquila 


17.  Antinous  - 

18.  Delphinus 

19.  Equuleus  • 

20.  Pegafus 


Medufcs 


27 


21.  Andromeda 

22.  Triangulum 


23.  Coma  Berenices 


In  all  38, 

Th 
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The  Zodiacal  Conjlellations  are  1 2,  viz. 
Stars 


Aries  — 
Taurus 
Gemini 
Cancer 
Leo  — 


Virgo 


16 

32 
24 
16 

33 
39 


7.  Libra  — ■ 

8.  Scorpio - 

g.  Sagittarius 

10.  Capricornus 

1 1 .  Aquarius  — 

12.  P 2 fees  - 


Stars 

—  10 

—  26 

-  29 

—  21 

-  34 

-  34 


In  all  314 


The  Southern  Conjlellations  are  30 
Stars 

- 26 

39 
43 
13 

J3 
2 
42 
1  r 


viz. 


Cetus - 

Orion - - - - 

Flumen  Eridanus  - 

Lepus  — . -  - 

Cam's  major - 

Canis  minor ,  or  Canicula 
Argo  Navis 


Robur  Corolinum 

Hydra  - -  ■ 

Crater  - - •  ■ 

Corvus  ■  ■  • 

Centaurus  — — »  • 
Lupus 


27 

8 

7 
30 
22 

5 

8 

10 


17.  Columbus  - 

18.  Pifcis  Aujlrinus  ■ 

19.  Grus  - 


20. 

21. 

22. 

23* 

24. 

25 


Phcenix 
Indus  - 
Pavo 


Stars 

—  10 

—  11 


*3 

12 

12 

16 

7 

3 

10 


Avis  Indica ,  Touehan 

Apus  mufea  -  ■ — 

Chamceleon  -  ■  ■■  — 

26.  Triangulum  Aujlrale  —  5 

27.  Pifcis  Volans  — — -  7 

28.  Dorado ,  Pifcis  Auratus  7 

29.  Apous,  Anfer  Americanus  iq 

30.  Hydra,  Serpens  Auflrina  10 

In  all  439 


Crofero,  or  Crofters  — 

Ara ,  or  the  Altar  - 

Corona  Aufrina - 

The  Sixty-fixth  Conftellation  (lying  near  the  Urfa  major)  was 
led  by  Sir  Charles  Scarborough ,  and  called  Cor  Caroli ,  being  one 
ir  in  a  crowned  Heart,  and  compleats  a  Catalogue  of  1137  ^xec* 
rs  as  above:  But  this  Number  is  now  largely  encreas’d  by  the 
>fervation  of  our  modern  Aftronomers,  as  may  be  feen  in  the 
1  mfeedian  Catalogue,  which  contains  about  35°p>  forming  fe~ 
al  new  Afterifms,  and  are  diltinguifhed  into  Six  Degrees  of 
ignitude,  or  Bignefs  ;  The  biggeft,  and  brighteft  are  called 
,rs  of  the  firft  Magnitude  ;  thofe  next  inferior  in  Bignefs,  and 
ig^itnefs,  are  Stars  of  the  Second  Magnitude ,  &c.  unto  Stars 
the  Sixth  Magnitude :  Thefe  feveral  Magnitudes  are  exprefl'ed 
the  Globe  in  their  feveral  Forms,  as  may  be  feen  in  a  little 
ible  placed  on  the  Globes,  and  intituled  Stellarum  Magnitudincs. 
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Section  IV.  The  Ufe  of  the  Coeleftial  Globe. 

BEfore  the  working  of  any  Problem  on  this  Globe,  it  will  1 
neceffary  to  explain  feveral  Technic  Terms  made  ufe  of 
AJtronomy,  and  Geography ,  as  contained  in  thefe  followii 
Definitions.  >  ; 

;  I.  Altitude ,  is  an  Arc  of  an  Azimuth  Circle,  contain' 
between  the  Horizon  and  any  Parallel  of  Altitude ;  ’Tis  count 
pn  the  Brafs  Quadrant  of  Altitudes,  which  reprefents  any  As 
smith  Circle  on  the  Globe. 

''"2.  Afcenfion ,  is  the  rifing  of  the  Sun  or  Star,  or  any  P; 
of  the  Equinoctial  above  the  Horizon;  and  Defcenfion  is  t 
Setting  thereof. 

3.  Right  Afcenfion ,  is  an  Arc  of  the  EquifloRial,  intercept 
Jbetween  the  beginning  of  Aries,  and  any  Meridian,  and  count 
according  to  the  Order  and  Succeflion  of  the  Signs ;  or, 
that  Degree  and  Minute  of  the  Equinodial,  (counted  as  befoi: 
which  cometh  to  the  Meridiap  with  the  Sun,  Star,  or  with  a. 
Point  .of  the  Heavens. 

4.  Oblique  Afcenfion ,  is  that  Degree  and  Minute  of  the  Eqt, 
jiodial,  (counted  as  before)  which  rifeth  with  the  Center  of  t 
Sun,  or  Star,  or  with  any  Point  of  the  Heavens;  and  Obliq 
Defcenfion  is  the  Setting  thereof. 

1  5,,  Afcenfmal  Difference ,  is  the  Difference  between  t 
Right  and  Oblique  Afcenfion,  or  Defcenfion-,  or,  it  is  t 
Space  of  Time  the  Sun  Rifeth,  or  Setteth  before,  or  after  i 
& f  the  Clock. 

6.  Amplitude,  is  an  Arc  of  the  Horizon  comprehended  l 
tween  the  true  Eaft  or  Weft  Points  of  it,  and.,  the  Center  of  t. 
Sun,  or  Star,  at  their  Riling  or  Setting. 

y.  Azimuth,  is  an  Arc  of  the  Horizon  contained  betwe 
the  Meridian  of  the  Place,  and  an  Azimuth  Circle  paflt 
thrcr  the  Cceleltial  Objed. 

’■"'S.  Declination,  is  an  Arc  of  the  Meridian,  comprehenc; 
between  the  Equinodial,  and  the  Center  of  the  Sun  or  Star,  1 
any  Point  of  the  Heavens  :  It  is  North  Declination  on  the  No 
Side  of  the  Equinoctial,  but  South  Declination  when  on 
South  Side  thereof ;  and  is  counted  on  the  Brafs  Meridian 
the  Globe,  or  on  the  Equinodial  Colure. 

9.  flour  of  the  Day,  or  Night,  is  an  Arc  of  the  Equine 
tial,  contained  between  the  Meridian  of  the  Place,  and  ai 
ther  Meridian  palling  through  the  Center  of  the  Sun  at  a 
rime ;  This  is  counted  on  the  Brafs  Hour  Circle,  which 

‘ .  "  m 
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tfided  into  the  24  Hours  of  the  Day  and  Night ,  and  hath  a 
tie  Brafs  Index  pointing  to  them  as  the  Globe  is  turned  about ; 
it  is  counted  on  the  Equinodtial,  Reckoning  13d.  to  an  Hour. 

|  10.  Latitude  of  a  Comet ,  Planet,  or  Star,  is  an  Arc  of  a  Circle 
'  Longitude,  contained  between  the  Ecliptic  and  the  Comet, 
lanet  or  Star’s  Center}  that  is  counted  on  the  Brafs  Quadrant 
'  Altitude,  when  fcrew’d  over  the  Pole  of  the  Ecliptic,  for 
ien  it  reprefents  a  Circle  of  Longitude, 

11.  Latitude  of  a  Place,  or  Latitude  upon  the  Earth ,  is  an 
rc  of  the  Meridian  of  that  Place,  contained  between  the 
quator  and  that  Place ;  Equal  to  which,  is  the  Height  of  the 
ole  (of  the  World)  above  the  Horizon.  This  is  counted  on 
le  Brafs  Meridian  of  the  Globe  ;  or  may  be  counted  bn  the 
-aduated  Meridian  on  the  Body  of  the  Globe  ; 

So  that  Latitude  in  the  Heavens,  and  Latitude  on  the  Earth , 
-e  different  things ;  one  being  an  Arc  of  a  Circle  of  Longi- 
ide,  and  applicable  to  all  Coeleftial  Objedts  except  the  Sun, 
rhich  hath  no  Latitude;  the  other  an  Arc  of  a  Meridian* 
nd  applicable  to  Places  on  the  Earth. 

12.  Longitude  in  the  Heavens,  is  an  Arc  of  the  Ecliptic, 
omprehended  between  the  Beginning  of  Aries ,  and  that  Circle 
f  Longitude  which  pafleth  through  the  Center  of  the  Sun, 
jtar,  or  any  Point  of  the  Heavens,  and  counted  according  to  the 
ucceffion  of  the  Signs. 

1 3.  “The  Place  of  the  Sun ,  or  of  a  Star,  with  refpefi  to  the 
E 'cliptic  is  the  Sign,  (and  Degree,  and  Minute  ot  that  Sign) 
re  Sun,  or  Star  is  in. 

14.  Longitude  of  any  Coslejlial  Objefi9  from  the  ncarejl  Equi- 
\otT\al  Point  is  how  many  Degrees  and  Minutes,  the  Sun  or 
tar  is  from  the  Beginning  of  Aries  or  Libra,  either  before  or 
fter  them;  which  can  never  be  more  than  iBo  Degrees. 

15.  Longitude  on  the  Earth ,  is  an  Arc  of  the  Equator,  conv 
■rehended  between  the  Meridian  of  any  Place,  and  that  Meridian 
vbere  Longitude  takes  it  Beginning. 

So  that  Longitude  in  the  Heavens,  and  Longitude  on  the  Earth 
re  yaltly  different;  one  being  an  Arc  of  the  Ecliptic,  the  other 
n  Arc  of  the  Equator. 

16.  Meridian  of  a  Place,  is  that  Meridian  wh’ch  paffeth  over 
he  Zenith  of  that  Place ;  to  which  when  the  Sun  cometh,  ’tis 
ither  Noon  or  Midnight ;  at  the  Firft,  he  is  at  his  higheft 
Altitude  above  the  Horizon  ;  and  at  the  Laft,  he  is  at  the  lowcft 
}epre(fion  for  that  Natural  Day. 

1  '  In 
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In  like  Manner,  any  Star  or  Planet  coming  to  the  Meridian  of 
any  Place,  is  then  at  the  higheft  Altitude,  or  loweft  Depreflion. 

Thefe  Things  being  well  confider'd,  the  following  Problems 
will  be  the  better  underftood. 

Problem  9.  The  Day  of  the  Month  given  :  To  find  the  Sun’s  Place 

in  the  Ecliptic. 

Toe  Rule.  1.  Seek  the  Day  of  the  Month,  (in  either  Account,; 
according  to  the  Julian ,  or  Gregorian ,  as  you  find  them  placed  in 
the  Calendar )  on  the  upper  Side  of  the  Horizon. 

2.  Right  againft  it,  in  the  innermoft  Circle,  is  the  Sign,  De¬ 
gree,  and  Minute,  the  Sun  will  be  in  that  Day  at  Noon. 

Example.  The  8th  Day  of  January  in  the  Julian,  or  the  19  th  the 
Gregorian  Account,  I  demand  the  Sun’s  Place  in  the  Ecliptic  ? 

Right  againft  the  19th  of  January ,  in  the  Gregorian  Calendar, 
in  the  innermoft  graduated  Circle,  are  29  Degrees  of  Capricorn ,  in 
which  Sign  and  Degree  the  Sun  will  be  on  the  faid  19th  of  January , 
New  Stile ,  or  the  8th  of  January ,  Old  Stile ;  the  like  Method  to 
be  obferved  for  any  other  Day. 

Problem  IO.  How  to  rectify  the  Globe  for  any  Latitude ,  and  to  make 
it  fit  for  Ufe,  at  any  given  Time. 

The  Rule.  1.  The  Globe  being  placed  in  the  Frame,  by  putting 
the  Brafs  Meridian  into  the  two  Notches,  that  are  in  the  North 
and  South  Parts  of  the  Horizon,  fo  that  the  graduated  Side  thereof; 
be  towards  the  Eaft,  and  the  North  Pole  towards  the  North  Part  of 
the  Horizon,  the  Globe  alfo  refting  in  the  Notch,  that  is  in  the 
Bottom  of  the  Frame ;  move  the  faid  Meridian  higher  or  lower,; 
till  the  given  Latitude  in  it  doth  juft  touch  th«  upper  Part  of  the 
Horizon,  on  the  North  Side  thereof,  if  North  Latitude,  but  the 
South  Side,  when  South  Latitude. 

2.  Place  the  Brafs  Hour  Circle  about  the  Pole,  fo  that  the  Hours 
of  12  and  12  lie  diredtly  over  the  graduated  Side  of  the  Brafs  Me¬ 
ridian  ;  and  put  the  little  Index  on  the  Axis,  fo  that  it  may  move 
about  freely  as  you  turn  the  Globe;  then  doth  the  upper  12  on  the 
Hour  Circle  reprefent  12  at  Noon,  and  the  lower  12  at  Midnight; 
and  all  the  other  Figures,  the  correfpondent  Hours  of  the  Day  and 
Night. 

3.  By  Problem  9.  Find  the  Sun’s  Place  according  to  the  given1 

Time  ;  then  feek  the  Sun’s  Place  in  the  Ecliptic,  on  the  Body  of 
the  Globe,  and  bring  that  Degree  to  the  Meridian  ;  there  ftay  the 
Globe,  and  then  turn  the  little  Index  till  it  points  juft  at  the  upper 
1 2  in  the  Hour  Circle.  ,  Thus; 
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"hus  is  the  Globe  re&ify’d  to  the  given  Latitude,  and  the  Hour 
tie  and  Index  to  the  given  Time,  viz.  the  Noon  of  that  Day. 
Example.  At  London  the  igth  of  January,  New-Stile,  I  would 
I?  the  Globe  reSlffd  fit  for  Ufe. 

.  Move  the  Brafs  Meridian  ’till  5id.  31m.  thereupon,  juft 
:h  the  North  Part  of  the  Horizon. 

[:.  By  Problem  9.  The  Sun’s  Place  is  29ft.  in  VS,  which  being 
id  in  the  Ecliptic  on  the  Globe,  bring  it  to  the  Brafs  Meridian, 
there  refting  the  Globe,  turn  the  little  Index  to  the  upper  12 
:he  Hour  Circle  ;•  and  fix  it  fo,  that  it  may  move  freely  with 
Globe,  and  ’tis  done. 

jblem  11.  The  Day  of  the  Month  given ;  to  find  the  Sun’s 

Declination. 

fhe  Rule.  1.  By  Problem  9.  Find  the  Sun’s  Place  in  the  Eclip- 
on  the  Wooden  Horizon. 

>.  Bring  the  Sun’s  Place  (in  the  Ecliptic,  found  by  Prob.  10. 
the  Globe)  to  the  Brafs  Meridian,  on  which,  and  right  over 
Sun’s  Place  is  his  Declination  required. 

Example.  The  19th  of  January,  New-Stile;  I  defire  to  know 
Sun’s  Declination  ? 

r.  The  Sun’s  Place  in  the  Ecliptic,  for  the  19th  of  fanuary 
dnd  by  Problem  9.)  is  2gd.  in  VS. 

1.  Bring  29d.  in  v$  (in  the  Ecliptic  on  the  Globe)  to  the  Brafs 
'•ridian,  and  then  right  over  it  (on  the  Brafs  Meridian)  is  2od. 
jn.‘  which  is  the  Sun’s  Declination,  South  decreafing.  Or  thus, 
t.  With  a  Pair  of  Compafies  take  the  neareft  Diftance  from 
Sun’s  Place  in  the  Ecliptic  2gd.  in  VS,  to  the  Equinoctial  on 
I  Globe. 

12.  Meafure  that  Diftance  on  the  Equinodlial  Colure  (if  gra- 
iated)  and  it  fheweth  the  Declination  2od.  20m.  as  before. 

jblem  12.  The  Day  of  the  Month  given  ;  to  find  the  Sun’s  Right 

Afcenfion. 

The  Rule.  1.  As  before,  find  the  Sun’s  Place  in  the  Ecliptic, 
Problem  9. 

J2.  Bring  the  Sun’s  Place  (as  is  diredled  in  Problem  1 1.)  to  the 
|afs  Meridian ;  look  what  Degree  of  the  Equinodtial  is  cut  by 
and  that  is  the  Sun’s  Right  Afcenfion  required. 

Example.  The  igth  of  January;  7  demand  the  Sun's  Right 
ienfion  ? 

1.  The  19th  of  January ,  his  Place  in  the  Ecliptic  is  2gd.  in 
,  by  Problem  9.  2.  His 
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2.  His  Place  of  2gd.  in  VS,  being  brought  to  the  Brafs-Mer 
dian,  it  cuts  the  Equino&ial  in  30 id.  30m.  the  Sun’s  Rig! 
Afcenfion. 


Problem  13.  the  Latitude  of  a  Place ,  and  the  Day  of  the  Mom 
given ;  to  find  the  Time  of  the  Sun's  Rifing ,  Setting ,  and  b  I 
Amplitude ? 

The  Rule.  X.  Rectify  the  Globe  (by  Problem  10th,  fit  fc 
Ufe)  according  to  the  given  Latitude,  and  given  Time. 

2.  Bring  the  Sun’s  Place  (in  the  Ecliptic  on  the  Globe)  dow  J 
to  the  Horizon  on  the  Eaft  Side  thereof,  and  then  the  little  Inde 
will  point  to  the  Sun’s  Rifing  in  the  Hour  Circle;  and  tht 
Body  of  the  Globe  flayed  there,  look  what  Degree  of  the  Ho 
rizon  (counted  from  the  Eaft  Point  thereof)  ftandeth  righ 
a^ainft  his  Place  (in  the  Ecliptic  on  the  Globe)  that  is  the  Sun  ; 
Amplitude  at  his  R  ifing. 

In  like  manner,  turn  the  Globe  ’till  you  bring  the  Sun 
Place  to  lie  even  with  the  Weft  Side  of  the  Horizon,  flaying  till 
Body  of  the  Globe  there;  then  will  the  Index  point  to  hi 
Setting,  and  againft  his  Place  on  the  Globe  ftandeth  his  Ampll  | 
tude  (on  the  Horizon)  counted  from  the  Weft  Point  thereof. 

Example.  The  iqth  of  January  at  London:  I  demand  tl  \ 
Time  of  the  Sun’s  Rifing  and  Setting,  and  his  Amplitude  ? 

j.  The  Globe  being  elevated  to  the  Latitude  of  5id.  3 irr 
brin"  2gd.  in  VS,  to  the  Brafs  Meridian,  and  fix  the  Index  at  th 
upper  12,  then  'tis  re&ified  to  the  given  Latitude,  and  give 
Time. 

2.  Bring  2gd.  in  VS,  to  the  Eaft  Side  of  the  Horizon,  an 
flaying  the  Globe  there,  the  Index  Points  to  7  Hours  3  quarters 
that  i°,  3  quarters  after  7  is  the  Sun’s  Rifing:  and  againft  29c 
in  VS,  is  33d.  50m.  on  the  Horizon,  (from  the  Eaft  toward 
the  South)  which  is  the  Sun’s  Amplitude  at  Rifing. 

In  like  manner  turn  the  Globe  ’till  you  bring  2gd/in  VS,  t 
the  Weft  Side  of  the  Horizon,  and  the  Index  Points  to  a  quarte 
after  4,  which  is  the  Sun’s  Setting ;  and  fn  the  Horizon  yor 
have  his  Amplitude  (the  fame  as  before)  33d.  50m.  from  tfej 
Weft  (towards  the  South)  which  is  the  Sun’s  Amplitude  i 
'petting.  Li] 

Problem  14.  The  Latitude  of  a  Place,  and  the  Day  of  the  Mom  j 
given  ;  to  find  the  Sun’s  Oblique  Afcenfion  and  Defcenfion  ? 

The  Rule.  1.  Redtify  the  Globe  to  the  given  Latitude,  ary 
;flnd  the  Sun’s  Place  in  the  Ecliptic  for  the  given  Time. 

1  M 
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12.  Bring  the  Sun’s  Place  in  the  Ecliptic  on  the  Globe,  to  the 
ft  Side  of  the  Horizon,  and  then  fee  what  Degree  of  the  Equi- 
jflial  is  cut  by  the  Horizon,  and  that  is  the  Sun’s  Oblique 

cenfion.  ,  .  ,  „  ..  . 

q  In  like  manner  bring  the  Sun’s  Place  in  the  Ecliptic  to  the 

eft  Side  of  the  Horizon,  and  it  fheweth  his  Oblique  De- 

Example.  The  6th  of  February,  New  -Stile,  at  London  :  I  de- 
•nd  the  Sun’s  Oblique  AJcenfion  and  Defcenfion  ? 
r.  Redtify  the  Globe  to  the  given  Latitude  5id.  31m.  accord- 
-to  Problem  10. 

2.  Brino-  ^d.  30m.  of  ZZ  (the  Sun’s  Place  for  the  6th  of 
bruary)  °to  the  Eaft  Side  of  the  Horizon,  and  then  it  cuts  the 
uinodtial  in  340d.  20m.  which  is  the  Sun’s  Oblique  Afcenfion. 

13.  Brino-  1  yd.  36m.  of  IS  to  the  Weft  Side  of  the  Horizon,  it 
is  the  Equinoaial  in  299d.  15m.  which  is  the  Sun’s  Oblique 
rfcenfion. 

bb.  15.  The  Latitude  of  a  Place ,  and  Day  of  the  Month  given  ; 
to  find  the  Sun’s  Altitude ,  and  Azimuth  at  any  Time  of  the  Day. 
The  Rule.  1.  Redtify  the  Globe  and  Hour-Index,  as  before,- 

Problem  10^  ,  .  ,  t 

2.  Screw  the  Quadrant  of  Altitude  in  the  Zenith^  which  i 
Vredlifying  the  Qpadrant  of  Altitude  to  the  Latitude  of  the 

iCC«  ,  r  7  fi 

3.  Turn  the  Globe  ’till  the  Index  point  to  the  given  Hour  o, 

5  Day,  and  there  ftay  the  Globe.  \ 

4  Move  the  Quadrant  of  Altitude,  ’till  the  graduated  Edge 
it  lies  juft  on  the  Sun’s  Place  in  the  Ecliptic  on  the  Globe, 

d  there  ftay  it.  '  .  , 

5.  Look  what  Degree  on  the  Quadrant  of  Altitude  is  againit 

»  Sun’s  Place,  and  that  is  the  Sun’s  Altitude. 

6.  Look  what  Degree  of  the  Horizon  is  cut  by  the  graduated 
Ige  of  the  Quadrant  of  Altitude,  counted  from  the  North,  or 

mi  the  South,  and  that  is  the  Sun’s  Azimuth.  , 

Example.  On  the  21ft  of  December,  in  the  Latitude  of  20 a. 
m.  N.  at  half  an  Hour  pajl  Nine  in  the  Morning:  I  demand  the 

n's  Altitude ,  and  Azimuth  ?  . 

X.  The  Globe  being  Redtified  (by  Problem  10.)  turn  it  about 
1  the  Hour  Index  points  to  half  an  Hour  after  9  in  the  Morn- 
g,  and  there  ftay  the  Body  of  the  Globe. 

2.  Screw  the  Quadrant  of  Altitude  on  2cd.  lim.  (on  t.e 
afs  Meridian)  which  is  the  Zen-ith,  or  Diftance  of  that  I  .ace 
»m  the  Equinoctial. 
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Note ;  In  fcrewing  the  Quadrant  of  Altitude  on  the  Brafc  IV 
ridian,  you  muft  put  the  Screw  Side  of  the  Notch,  on  the  Ba< 
fide  thereof,  and  put  it  clofe  down ;  fo  clofe  to  it,  that  the  t 
Plate  may  be  as  near  the  Body  of  the  Globe  as  poffible ;  yet 
as  not  to  obftrud  its  Motion.  J 

Alfo  mind  that  you  fet  the  Hoped  Edge  of  the  Notch  to 
Latitude  of  the  given  Place. 

3.  Bring  the  graduated  Edge  of  the  Quadrant  of  Altitude 
the  firft  Scruple  of  XP,  the  Sun’s  Place  (for  December  the  21ft) 
the  Ecliptic,  and  then  on  the  Quadrant  of  Altitude  (againft  itj 
34-d.  15m.  his  Altitude  at  half  an  Hour  paft  Nine  of  the  Clo 
in  the  Morning. 

4.  And  the  Quadrant  of  Altitude  cuts  the  Horizon  in  44 
nearly  from  the  South  Eaftward,  which  is  the  Sun’s  Azimuth 
the  fame  Time. 

Problem  1 6.  The  Latitude  of  a  Place,  the  Day  of  the  Month,  a 
Sun's  Altitude  given  4  to  find  his  Azimuth,  and  Hour  of  the  Day  l 

The  Rule.  1.  Redify  the  Globe,  Hour  Index,  and  Quadra, 
of  Altitude,  as  before. 

2.  Turn  the  Body  of  the  Globe,  and  move  the  Quadrant  1 
Altitude,  ’till  you  bring  the  Sun’s  Place  in  the  Ecliptic  to  lie  ju 
under  his  Altitude  on  the  Quadrant ;  there  flay  them  both. 

3-  Then  will  the  graduated  Edge  of  the  Quadrant  point  01 
the  Azimuth,  in  the  Horizon  from  the  North,  or  South  •  ar 
the  Index  fheweth  the  Hour  of  the  Day.  ’ 

Example.  At  London  the  nth  of  Auguft,  in  the  Forenoon,  V 
Sun^Alutude  being  1  id.  30m.  I  demand  his  Azimuth,  and  Hou 

r.  The  Globe  being  redified  to  the  Latitude  of  London,  51c 
31m.  N.  alfo  the  Hour  Index  placed  at  Noon  with  i8d.  30m.  i 
i\,  the  Sun’s  Place  for  the  x  ith  of  Augufl,  brought  under  the  Me 
ridian,  and  the  Quadrant  of  Altitude  fcrewed  in  the  Zenith  ; 

2.  Then  move  the  Globe  and  Quadrant  of  Altitude,  ’till  yo 
bring  lid.  30m.  on  the  latter  to  lie  juft  over  i8d.  30m.  off] 
in  the  Ecliptic,  and  there  ftay  them  both. 

.  3-  Then  doth  the  Quadrant  of  Altitude,  lie  right  againft  8od 
in  the  Horizon,  from  the  North  towards  the  Eaft,  and  the  Sun’ 
Azimuth,  is  near  about  E.  by  N. 

4.  And  then  the  Hour  Index  points  to  6  Hours  nearly,  that  is 
Six  of  the  Clock  in  the  Morning. 

C> 

1  Problen 
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oblem  17.  The  Latitude  of  a  Place ,  the  Day  of  the  Month ,  and 
Sun's  Azimuth  given ;  to  find  his  Altitude,  and  Hour  of  the  Day? 

The  Rule.  1.  Rectify  the  Globe,  Hour  Index,  and  Quadrant  of 
ltitude,  as  before. 

2.  Turn  the  Quadrant  of  Altitude,  to  the  given  Azimuth,  in 
e  Horizon,  and  there  flay  it. 

3.  Then  bring  the  Sun’s  Place  in  the  Ecliptic  (keeping  the 
uadrant  of  Altitude  fixed)  to  the  graduated  Edge  thereof,  (which 
alfo  before  fet  to  his  given  Azimuth  ;)  and  ftay  the  Globe  there. 

4.  Then  doth  the  Ecliptic  cut  the  Quadrant  in  the  required  Al- 
ude,  and  the  Index  fheweth  the  Hour  of  the  Day  defired. 

Example.  At  Barbadoes  the  1  yth  of  Odlober,  the  Sun's  Azimuth 
the  Afternoon ,  being  S  W-  half  W.  or  5od.  30m.  South  Wefter- 
;;  I  demand  his  Altitude ,  and  Hour  of  the  Day  ? 


Anfw.  Obferving  the  aforefaid  Diredlions,  and  turning  the 
obe,  and  Quadrant  of  Altitude  towards  the  Weft,  you  will  find 
;  Sun’s  Altitude, to  be  53d.  45m.  and  the  Hour  of  the  Day  44m. 
er  1  in  the  Afternoon. 

jblem  18.  The  Latitude  of  a  Place ,  the  Sun's  Altitude  and  Azi¬ 
muth  given ;  to  find  his  Place  in  the  Ecliptic ,  and  Hour  of  the  Day  ? 

The  Rule.  1.  Redfify  the  Globe  to  the  Latitude,  and  fcrew  the 
ladrant  of  Altitude  to  the  Zenith. 

2.  Turn  the  graduated  Edge  of  the  Quadrant  of  Altitude  to  the 
xn  Azimuth,  in  the  Horizon,  and  there  ftay  it. 

3.  Turn  the  Body  of  the  Globe  (without  ftirring  the  Quadrant 
I  of  its  Place)  ’till  the  Ecliptic  cut  the  Quadrant  in  the  given  AI- 
tde;  which  will  then  cut  the  Ecliptic  in  the  Sun’s  Place  required. 

4.  Then  turn  the  Sun’s  Place  to  the  Brafs  Meridian,  and  re&ify 
Hour  Index  to  12. 

5.  Turn  back  the  Sun’s  Place  to  the  graduated  Edge  of  the 
ladrant  (it  being  in  the  fame  Place,  that  is,  at  the  given  Azi- 
th  as  before)  and  then  the  Index  will  fhew  the  Hour  of  the  Day 
uired. 

Note  ;  In  turning  the  Globe  according  to  the  third  Step  in 
Rule,  the  given  Altitude  in  the  Quadrant  will  cut  the 
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Ecliptic  in  two  feveral  Signs,  and  yet  the  Hour  of  the  Day  foug 
by  the  fourth  Step,  will  be  the  fame ;  fo  that  unlefs  the  Mon 
be  given,  the  Sun’s  Place  cannot  be  determined. 

Example.  At  London,  the  iqth  of  June,  the  Sun’s  Altitu 
being  49L  40m.  and  his  Azimuth  S.  6od.  15m.  Eafterly:  1  dema 
his  Place  in  the  Ecliptic ,  and  the  Hour  of  the  Day  ?  I 

Anfivcr.  The  Sun’s  Place  is  nearly  28d.  in  ir,  and  it  is  291 
after  9  in  the  Morning,  the  19th  of  June  at  London Alfo  ti 
Sun’s  Altitude  and  Azimuth  being  the  fame,  his  place  may 
about  2d.  in  <5,  and  yet  the  Hour  the  fame,  on  the  23d. 
June ,  by  the  Method  ufed  in  the  4th  and  5th  of  laft  Directions. 

Note-,  All  thefe  Problems  may  be  wrought,  having  the  Sui 
Declination  given,  inftead  of  the  Day  of  the  Month,  as  may 
feen  in  the  next  Problem . 

Problem  19.  The  Latitude  of  a  Place ,  the  Declination  and  Ah 

tude  of  the  Sun  given-,  to  find  his  Azimuth,  and  Hour  of  the  Day 

The  Rule.  1.  Rectify  the  Globe  to  the  given  Latitude,  and  t 
Quadrant  to  the  Zenith  as  before. 

2.  Bring  the  EqUinodlial  Colure  to  the  Brafs  Meridian,  ai 
then  fet  the  Hour  Index  to  the  upper  12 ;  which  is  re&ifyii 
the  Globe  when  the  Declination  is  given. 

3.  Move  both  Globe,  and  Quadrant  of  Altitude,  ’till  the  giv< 
Altitude  on  the  latter  meet  with  the  given  Declination  in  t’ 
Equinodfial  Colare  on  the  former,  and  there  ftay  them  both. 

4.  Then  doth  the  Quadrant  cut  the  Horizon  in  the  Sur1 
Azimuth*  and  the  Index  fheweth  the  Hour  of  the  Day  require 
Alfo,  at  the  fame  Time,  the  Brafs  Meridian  cuts  the  Equino&i 
in  fo  many  Degrees  (counting  from  the  Colure,  allowing  ig- 
to  an  Hour)  as  the  required  Hour  of  the  Day  is,  either  before  < 
after  Noon. 

Example.  At  London,  the  Sun’s  Declination  being  1 5d .  150 
North,  and  his  Altitude  nd.  30m.  in  the  Adorning  :  I  demand  b 
Azimuth  and  Hour  of  the  Day  ? 

Anfwer.  The  Sun  is  E.  by  N.  and  the  Flour  near  about  Sr 
o’Clock,  or  9Cd.  of  the  Equinodfial  are  intercepted  between  tf 
Equinodfial  Colure  and  Brafs  Meridian  ;  which  makes  6  Hour 
from  Noon,  at  which  Time  the  Sun  is  Weft  in  the  Afternoon. 

In  like  manner  may  any  of  the  preceding  Problems  be  wrough 
ebferving  the  following  general  Dlredfions. 

1.  Count  the  Latitude  on  the  Brafs  Meridian. 

2.  7'he  Declination  on  the  Colure  from  the  Equinodlial,  eithe, 
Northward  or  Southward,  according  to  its  Name. 

3.  The  Altitude  on  the  Qu^frant  of  Altitude. 

-1'  1 
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The  Azimuth  on  the  Horizon,  from  the  Brafs  Meridian  to 
Quadrant  of  Altitude. 

And  the  Hour  (from  Noon  in  Degrees)  on  the  Equinoctial, 
In  the  EquinoCtial  Colure  to  the  Brafs  Meridian. 

Then  having  any  Three  of  thefe  Five  given,  the  other  Two 
y  be  found,  which  I  leave  for  the  Learner’s  Exercife. 

Tote-,  All  the  foregoing  Problems,  may  be  wrought  on  either 
)be ;  but  the  following  only  on  the  Caslefial  Globe. 

ib.  20.  To  find  the  Declination  and  Right  Afcenfion  of  any 

Fixed  Star. 

\he  Rule.  1.  Bring  the  given  Star  to  the  Brafs  Meridian,  and 
e  flay  the  Globe. 

.  Then  the  Center  of  the  Star  cuts  the  Brafs  Meridian  in  it’s 
ilination,  counted  from  the  Equino&ial  either  Northward,  or 
thward, 

j.  And  the  Brafs  Meridian  cuts  the  Equino&ial  in  it’s  Right 
enfion,  counted  from  the  Beginning  of  Aries,  according  to 
Succeflion  of  the  Signs. 

xample.  I  demand  the  Right  Afcenfion  and  Declination  of  Al- 
debaran,  or  Oculus  Tauri,  the  Bull’s  Eye. 

Kfw.  According  to  the  Dire&ions  above,  you  will  find  its 
ht  Afcenfion  63d.  25m.  and  it’s  Declination  near  13d.  58m. 
|th. 

roblem  2r.  To  find  the  Latitude,  and  Longitude  of  a  Star. 

| he  Rule.  1.  Bring  the  Solftitial  Colure  to  the  Brafs  Meridian, 
the  Pole  of  the  Ecliptic  on  the  Globe  may  be  juft  under  23d. 
1.  on  the  faid  Meridian,  and  there  fix  the  Body  of  the  Globe. 

Screw  the  Quadrant  of  Altitude  juft  over  the  Pole  of  the 

ptic. 

.  Bring  the  graduated  Edge  of  the  faid  Quadrant  to  the 
ter  of  the  Star,  and  there  flay  it. 

Then  the  Star  cuts  the  Quadrant  in  its  Latitude,  and  the 
.drantcuts  the  Ecliptic  in  its  Longitude. 

rnple.  I  demand  the  Latitude ,  and  Longitude  of  Ar&urus,  a 
Star  of  the  firjl  Magnitude  in  the  Conjlellation  Bootes  ? 

’ nfwer .  This  Star’s  Latitude  is  30d.  57m.  N.  nearly,  and  its 
gitude  20d.  24m.  in  Libra ,  qr  200d.  24m.  from  the  begin- 
-  of  Aries  ;  and  fo  for  any  othdfc  as  in  the  following  Table. 

’  M.  *  Star* 


m 
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Stars  Names. 

Longi¬ 

tude. 

D.  M. 

Latitude 

Right 
Afcen. 
D.  M. 

Declina¬ 

tion 

D.  M. 

Pole  Star,  or  North- 

Star - 

2 

n 

26.05 

66.30 

N 

10.45 

87.58  N 

Lafl  in  Eridanus 

S[ 

58.55  S 

Alcarnar - 

1 

X 

10.55 

59-55 

21.15 

Whale's  Jain,  Get  us 
Bull's  Eye,  Aldcharan 

2 

10.30 

I2  37 

S 

42,02 

03.04  N 

1 

re 

5.5S 

5-3° 

s 

6525 

15.58  N 

Ccipella,  on  Auriga's 

N 

45-43  N 

left  Shoulder  — ■ 

i 

n 

18.02 

22.52 

74-36 

Orion's  left  Foot,  Rigel 

1 

n 

13.00 

31.10 

S 

75-39 

08.30  S 

Orion's  right  Shoulder 

1 

ir 

24.55 

16.05 

s 

85.27 

07.20  N 

Great  Dog,  Syrius  — 

1 

10.19 

39-32 

s 

98-34 

16.23  S 

Little  Dog,  Procyon  — 
Hydra's  Heart,  Al- 

1 

35 

22.00 

15.58 

s 

iu-33 

05.51  N 

07.36  N 

phard - 

Lyon's  Heart,  Regulus 

1 

■a 

23.28. 

22.24 

s 

1 38,5 1 

1 

a 

26.01 

00.37 

N 

148.47 

13.10  N 

Foot  of  the  Crofters  — 

2 

TR 

08.08 

5  2 -45 

s 

i83-35 

61.31  S 

Virgin's  Spike - 

1 

20.01 

02.02 

s 

198.03 

095 1  s 

Aril  urns  in  Bootes  — 

1 

•A* 

20.24 

30.57 

N 

21 1.06 

20.30  N 

Bright  Star  of  the 

61.46 

N 

277.08 

38.34  N 

Harp,  Lyra  - 

1 

yp 

II.27 

South  Fifh,  Fomelhaut 

1 

r+j* 

AW 

29.59 

21.05 

S 

.j... - 

340,58 

30.56  S 

Problem  22.  To  find  the  Rifmg,  Setting ,  and  Culmination  of 
Star ,  at  any  Time ,  in  any  Latitude. 

The  Rule.  I.  Re&ify  the  Globe  and  Hour  Index,  as  in  Pr 
blem  to. 

2.  Bring  the  Star  (whofe  Riling  you  would  know)  to  the  ha 

Side  of  the  Horizon,  and  then  the  Index  will  point  to  the  Tin 
of  its  Rifing;  alfo  the  Degree  of  the  Horizon  againft  the  Sta 
is  its  Amplitude  at  Rifing.  A;' 

3.  Bring  the  Star  to  the  Brafs  Meridian,  and  the  Index  wi 
{hew  the  Time  of  its  Culminating,  or  coming  to  the  Meridiai 
Alfo  the  Degree  on  the  Brafs  Meridian,  contained  from  tl 
Horizon  to  the  Star,  is  its  Meridian  Altitude. 

4.  Bring  the  Star  to  the  Weft  Side  of  the  Horizon,  and  the 
the  Index  will  Ihew  the  Time  of  its  Setting ;  Alio  againft  tl 
Star,,  (on  the  Horizon)  is  its  Amplitude  at  Setting,  which 
ever  the  fame  Quantity  as  at  Jliftng. 
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iThis  is  fo  eafy  to  perform,  and  fo  often  done  in  the  Problems 
ncerning  the  Sun,  it  needs  no  Example. 

oblem  23.  To  know  at  any  lime  what  Stars  are  above  the  Hori - 
either  Ri/tnS  towards  the  Meridian ,  or  /*///»§•  from  it,  to¬ 
wards  their  Setting  ;  as  alfo  what  is  their  Latitude  and  Azimuth  ? 

the  Rule.  i.  Rectify  the  Globe,  Hour  Index,  and  Quadrant 
Altitude,  as  befbre,  in  Problem  io. 

2.  Turn  the  -Globe  till  the  Hour  Index  points  to  the  o-iven 
me  of  the  Day  or  Night  j  and  there  ftay  the  Globe. 

3.  Then  obferve  what  Stars  are  even  With  the  Eaft  Side  of  the 
>rizon,  thofe  are  then  riling;  and  all  thofe  that  are  between 
:  Horizon  and  Eaft  Side  of  the  Meridian,  are  rifen  above  the 
trizon,  and  afcending  towards  the  Meridian. 

4.  All  thofe  Stars  near  the  Brafs  Meridian,  are  then  near  the 
sridian  of  that  Place  ;  and  thofe  at  the  Brafs  xMeridian,  are  then 
the  Meridian  of  that  Place. 

5.  If  the  Quadrant  of  Altitude  be  put  to  any  Star,  it  will  fhevv 
Altitude  at  that  Time  and  Place,  and  in  the  Horizon,  the 
adrant  fhews  its  Azimuth. 

3.  All  thofe  Stars  on  the  Weft  Side  of  the  Meridian  are  de- 
hding  from  it,  towards  their  Setting  ;  thofe  near  the  Horizon 
Setting,  and  thofe  below  the  Horizon  are  Set. 
n  a  Word,  let  the.  Globe  (by  the  help  of  a  Magnetic  Needle,’ 
Compafs,  or  otherwife,  Variation  allowed)  be  fet  fo,  as  the 
rth  Pole  thereof  may  point  to  the  true  North  in  the  Heavens^ 

!  the  South  Point  to  the  South  ;  then  imagine  your  Eye  placed 
hia  the  Globe  at  it’s  Center,  and  that  the  Globe  was  tranfpa- 
t;  or  fuppofrng  a  fmall  round  Hole  through  the  Center  of  any 
r»  now  your  Sight  paflfng  thro’  it,  will  drredf  to  the  Star  in  the 
livens,  correfpondent  to  that  on  the  Outfide  of  the  Globe. 

Phis  being  mathematically  confrdered,  will  make  the  Ufe  of 
Globes  eafy,  and  very  much  conduce  to  the  knowledge  of 
Stars,  a  1  Sing  not  a  little  neceffary  in  Navigation,  but  too 
ich  neglcdfed  by  moll  Mariners. 

blem  24.  To  find  the  Hour  of  the  Night  by  the  Altitude  of  a 
known  Star. 

hs  Rule.  j.  Redfify  the  Globe,  Hour  Index,  and  Quadrant 
Altitude,  as  before,  In  Problem  10. 

.  Turn  the  Globe  and  Quadrant  of  Altitude  till  you  bring  the 
•  againft  its  given  Altitude  in  the  Quadrant,  and  there  ftay  them 
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Then  will  the  Index  fhevv  the  Hour  required  ;  and  th 
Quadrant  will  cut  the  Horizon  in  the  S^r’s  Azimut  .  - 

Note ;  If  the  Star  you  obferve  be  on  the  baft  aide  of  the  K 
ridian,  then  turn  the  Quadrant  of  Altitude  on S,de  J 
Brafs  Meridian  of  the  Globe;  And  if  on  the  W  eft  bid.,  turn  t 

Quadrant  alfo  on  the  Welt  Side. 

Example.  At  London,  December  the  23d,  the  Altitude  of  R 
guius,  or  the  Lyon’s  Heart,  being  25d  3onr.  Onentalor 
fhe  Raft  Side  of  the  Meridian :  I  demand  the  Hour  of  the  Night 
Anfw.  According  to  the  aforefaid  Rule,  the  Hour  is  near  301 
after  to  at  Night,  and  the  Star’s  Azimuth  78d.  30m.  Sou 

Fafterlv  or  Eaft  by  South  neareft. 

So  mich  for  Ih/Ufe  of  the  Globe,,  which  .s  gone  far  beyo, 
its  firll  defigned  Limit,  occaftoned  by  a  conllant  Refoluuon 

he  as  explicit,  and  concife  as  poffible. 

And  by  the  way,  let  me  advife  thofe  who  have  not  Conver 
ency  for,  nor  Ability  to  purchafe  Globes,  and  yet  would  kne 
the  ^Stars,  that  they  may  attain  it  with  a  pair  of  Hemilphen 
wherein  are  all  the  Conftellations,  and  each  Star  according  to 
Longitude  and  Latitude  placed  on  them  ;  fuch  are  made  of  ne 
go  Inches  in  Diameter,  to  fold  in  a  Book,  ike  a  oea- 
in  four  Leaves  :  They  are  projeSed  on  the  Plane  of  the  Ecli 
tic  or,  as  fome  fay,  on  the  Poles  of  the  Ecliptic:  So  that 
one  Hemifphere  (which  is  one  Leaf)  you  have  all  the  Conft. 
lations  on  the  North  Side  of  die  Ecliptic,  and  in  another  all  t 

S°&ch  "pdeftb,  Ecliptic,  is  the  Center  of  each  Hemtfphe 
and  the  Margin  going  round  them  is  the  Ecliptic,  being  divi 
into  12  Signs,  and  each  Sign  into  30  Degrees;  each  Degi 
•being  fubdivided  into  Halves  and  Quarters;  And  Lines  drav 
from°the  Center  (or  Pole  of  the  Ecliptic)  to  the  beginning 

ea<Gn  one  of  thofe  Lines  are  placed  the  Degrees  of  Latitude,  a 
'numbered  from  the  Ecliptic  with  10,  20,  &c.  to  90,  at  the  P 

ailBy  thefcHemifpheres  any  of  the  former  Problems  (wrought 
the  Ccelejlial  Globe)  may  be  folv’d  :  As  for  Inftance; 

To  find  the  Longitude ,  and  Latitude  of  a  star. 

The  Rule.  1.  Stretch  out  the  Silk  String  (fattened  in 
Center  for  that  Purpofe)  over  the  Center  of  the  given  Star,  y 
,-r  fbeweth,  or  cutteth  the  Star’s  Longitude  in  the  Ecliptic. 
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2.  With  a  pair  ofCompafies,  take  the  Difhince  from  the  Cen- 
i;r  of  the  Star  to  the  Center  of  the  Hemifphere  ;  lay  that  Diftance 
n  the  Scale  of  Latitude  from  the  Center  of  the  Hemifphere,  and 
i;  will  fhew  the  Latitude  required,  reckoned  from  the  Ecliptic. 

Example.  The  Foot  of  the  Crofters,  a  Star  of  the  fecond  Mag- 
itude  in  the  Southern  Hemifphere ,  betzueen  Robur  Carolinum,  and 
pentaurus  :  I  demand  it's  Latitude  and  Longitude  ? 

1.  Laying  the  faid  Silk  String  over  the  Star’s  Center,  it  cuts 
ihe  Ecliptic  in  Virgo ,  b’d.  8m.  the  Star’s  Longitude. 

2.  Take  the  Star’s  Di (lance  from  the  Center  of  the  Hemi- 
there,  meafure  it  on  the  Solflitial  Colure,  from  the  faid  Center, 
nd  it  reaches  to  52E  45m.  the  Star’s  Latitude  South. 

There  are  drawn  in  thefe  Hemifphcres,  the  Equinoctial,  Tro- 
iCs,  Polar  Circles,  and  Poles  of  the  World  ;  all  which  are  diL 
nguifhed  by  their  Names  fet  to  them  :  More  Circles  may  be 
irawn,  and  are  of  Ufe  in  ferving  other  Problems ;  which  (hall  be 
hewed  after  the  Problems  in  Aftronomy. 


CHAPTER  VII. 


Spheric  Trigonometry,  applied  in  Problems  of  Geography. 

Eft) re  I  treat  of  Great  Circle  Sailing,  ’twill  not  be  amifs  to  fay 
J  fomething  concerning  Geography;  and  for  a  more  diftindt 
Inowledge  thereof,  take  thefe  following  Definitions  and  Prob- 
rms.  The  Definitions  are  much  the  fame  as  before,  in  Chapter 
!.  of  Mercator's  Sailing ,  in  page  82. 


Sedition  I.  Geographic  Definitions.  Plate  5.  Fig.  r. 

THE  Earth  (on  which  we  dwell)  together  with  the  Water. 
make  one  round  Body  or  Globe,  which  is  the  Suoject  oi 

’ eography .  .  ..  _ 

2.  The  Poles  of  the  Earth ,  are  two  imaginary  Points,  diredtly 
ppofite,  upon  the  Surface  of  it;  that  in  the  North,  called  the 
forth  Pole  ;  and  that  in  the  South,  called  the  South  a  ole;  A.> 

and  I.  Plate  5.  Fig.  1.  ...  T . 

2  The  Equator,  or  Line  under  the  Eqmnodtial,  is  a  Line 
rawn  round  the  Globe,  and  lieth  in  the  middle  between  both 
oles,  cutting  all  Meridians  at  Right-Angles,  and  is  a  Great 
iirde,  from  which  Latitude  taketh  its  Beginning,  and  in  which 
longitude  is  reckon’d,  as  /EACh  Plate  5.  Fig.  1. 

4.  Meridians,  are  Great  Circles  drawn  thro  both  Poles  cutting 
ae  Equator  at  Right-Angles,  as  PQI,  PnT,  and  PMa,  antwer- 
ble  to  them,  are  the  North  and  South  Lines  drawn  in  any  Chart 
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5.  Parallels  of  Latitude  are  lefs  Circles  drawn  parallel  to  the 
Equator,  through  every  Degree  and  Minute  of  the  Meridian, 
between  the  Equator  and  each  Pole,  as  alt  and  Z*  It ,  and  are 
xeprefented  in  any  Chart,  by  the  Eaftand  Weft  Lines  therein. 

6.  Latitude  is  an  Arc  of  a  Meridian,  contained  between  any 
Parallel  and  the  Equator;  from  whence  it  is  counted  both  Way; 
to  each  Pole,  where  it  ends  in  90  Degrees,  which  is  the  greatelf 
Latitude. 

7.  North  Latitude,  is  on  that  Side  of  the  Equator  towards  the 
North  Pole,  and  South  Latitude  towards  the  South  Pole. 

8.  Difference  of  Latitude,  is  an  Arc  of  a  Meridian,  and  the] 
neareft  Diftance  Between  any  two  Parallels,  and  Iheweth  how  far 
any  Place  is  to  the  Northward  or  Southward  of  another  Place, 
and  never  exceedetb  180  Degrees. 

9.  Longitude,  is  reckoned  in  the  Equator,  round  which,  in- 
creaftng  to  the  Eaftward,  ’tis  counted  (by  fome)  till  it  end 
(where  it  firft  began)  in  360  Degrees,  which  is  the  greateft  Lon-1 
gitude:  Or,  according  to  Mr.  TVakely ,  in  his  Mariner's  Com- 
pafs  Rectified,  ’tis  counted  from  the  Meridian  of  London ,  increaf- 
ing  on  both  Sides  of  it,  Eaftward  and  Weftward,  till  it  termi¬ 
nates  in  180  Degrees,  at  the  oppofite  Meridian. 

10.  Longitude  of  a  Place,  is  an  Arc  of  the  Equator  contained 
between  the  Meridian  of  that  Place,  and  the  firft  Meridian  where 
Longitude  talceth  its  beginning,  and  counted  (by  the  old  Way) 
to  the  Eaftward  of  the  firft  Meridian,  (but  by  the  new  Way  in  the 
Mariner's  Compa/s  Rectified,  and  likewife  in  the  Mariner’s  Ca¬ 
lendar)  ’tis  counted  both  Eaftward  and  Weftward  from  the  Me¬ 
ridian  of  London ,  which  in  both  thefe  Tables  is  the  Meridian, 
whence  Longitude  taketh  it’s  Beginning. 

11.  Difference  of  Longitude  is  an  Arc  of  the  Equator,  con¬ 

tained  between  the  Meridians  of  any  two  Places,  and  never  ex-; 
teedeth  180  Degrees.  T‘; 

12.  The  Diftance  of  any  two  Places,  is  an  Arc  of  a  Great! 
Circle,  palling  thro’  them,  and  never  exceedeth  180  Degrees. 

13*  ^  he  Angle  of  Pofition,  or  the  Angle  of  Situation  ofs 
Places,  is  an  Angle  that  the  Arc  of  a  great  Circle  palling  over 
two  Places,  makes  with  the  Meridian  of  one  of  them,  and  is  not 
the  Courfe  leading  from  one  to  the  other.  '  '  J  '1 

In  finding  the  Diftance  of  Places,  there  are  three  Cafes:  As 
fi.)  when  they  differ  only  in  Latitude ;  (2.)  when  they  differ  only 
Longitude;  (3.)  when  the  two  Places  differ  both  in  Latitude 
and  Longitude ;  all  which  are  performed  by  the  following  Pro— !  1 
bkms.  •  ’  "  •"  /  ’  'I. 

Se&iom 
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Se&ion  II.  Geographic  Problems. 
afe  I.  Two  Places  differing  only  in  Latitude ,  given-,  to  Jiff 
their  Dijlance. 

':ote  i.  TWO  Places  under  one  Meridian,  or'bearing  North 
and  South  from  each  other,  or  in  one  Longitude, 
re  laid  to  differ  only  in  Latitude. 

2.  Two  Places  differing  only  in  Latitude,  the  Difference  of 
latitude  is  the  Diftance  required  j  In  which  there  are  two  Va¬ 
ries. 

Variety  I.  Problem  i.  Two  Places  loth  on  the  fame  Side  of  the 
quator  ;  that  is,  both  in  North ,  or  both  in  South  Latitude  5  to 
d  their  Dijlance. 

1  be  Rule.  Subtract  the  lefs  Latitude  from  the  greater,  the 
maiuder  (reduced  into  Leagues  or  Miles)  is  the  Diftance  re¬ 
ared. 

Variety  2.  Problem  2.  If  one  Place  be  on  one  Side  of  the  Equa¬ 
ls  the  other  on  the  other  Side ;  that  is,  one  in  North  Latitude, 
d  the  other  in  South  Latitude  ;  to  find  their  Dijlance  ? 

The  Rule.  Add  the  two  given  Latitudes  together,  the  Sum 
educed  into  Leagues  or  Miles)  is  the  Diftance  required. 

1  hefe  are  fo  eafy,  ’tis  needlefs  to  give  Examples,  being  die 
rne  you  had  in  Chapter  3.  Section  3.  General  Rule  2.  in  Plane- 
Mling,  in  page  58. 

ife  2.  Two  Places  differing  only  in  Longitude  given-,  to  find, 
their  Dijlance. 

Note-,  Two  Places  differing  only  in  Longitude,  lie  Eaft  and 
eft  from  each  other,  and  are  either  in  the  Equator,  or  elfe  in 
|e  Parallel  of  Latitude. 

In  this  Cafe  are  two  Varieties. 

,tfe  2.  Variety  1.  Problem  3.  Two  Places  in  the  Equator , 
their  Longitudes  being  given ;  to  find  their  Dijlance  P 
Tne  Rule.  I.  According  to  the  old  Way  of  counting  the 
rngitude,  fubtradl  the  Jefs  Longitude  from  the  greater,  the  Re- 
iinder  (if  lefs  than  180  Degrees)  is  the  Diftance  required  } 
t  when  ’tis  more,  fubtradl  it  from  360  Degrees,  and  this  laft 
attainder  is  the  Diftance. 

to  f^e  new  ^ay  °f  counting  the  Longitude,  in 
;  Alariner  s  Compafs  Rectified,  the  Rule  is  thus ; 

If  both  Longitudes  arc  Eaft,  or  both  Weft,  fubtratff  the  lefs 
■m  the  greater,  the  Remainder  is  their  Diftance :  But  when 
e  Place  is  in  Eaft,  and  the  other  in  Weft  Longitude,  add 
!;ra»  anc*  Sum  (if  it  exceed  not  180  Degrees)  is  the  Dif- 
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fiance,  anil  when  it  doth  exceed  180  Degrees,  fubtradl  it  froi 
360  Decrees,  the  Remainder  is  the  Diflance  required,  which 
the  fame  as  in  Chapter  4.  Section  2.  Problem  3.  page  89. 
Mercator  's  Sailing. 


Cafe  2.  Variety  2.  Problem  4.  Two  Places  in  one  Parallel , 
both  in  one  '  Latitude ,  their  Longitudes  given ,  to  find  the 
Dfiance . 

Example.  I  demand  the  Dfiance  between  the  Lizard,  ai 
Pengwin  Ifland  in  Newfoundland  ? 


d. 


X  Latit.  50 

Pengivtn  ifland  ) 

Subtract  from  90 

Rem.  is  the  Comp.  Lat.  40 


m.  d.  m. 

00  N.  Longit.  |  5l  w; 

3^ 


oo_  Diff.  Long.  47 


00 


Thefe  Places  are  both  fuppofed  in  the  Latitude  of  5od.  OOr 
North,  whofe  Complement  is  4od.  00m. 

To  delineate  this  Problem  Stereographically  on  the  Plane 
the  Meridian  of  the  Lizard.  Plate  5.  Fig.  1. 

1.  Defcribe  the  Circle  JE  P  Q_I,  with  a  Chord  of  60  de 
•r  Half-tangent  of  90  Degrees,  and  quarter  it,  with  the  tu 
Diameters  or  Right  Circles  PAI,  and  iEAQj  Then  is  P  tl  1 
North  Pole,  1  the  South  Pole,  and  ^EAQ_the  Equator. 

2.  By  Problem  2.  Cafe  2.  page  112.  of  Spheric  Geometry 

make  the  Angle  PEPN  equal  to  4yd.  36m.  (l^e  Difference  ■ 
Longitude)  by  drawing  the  Oblique  Circle  P  ©  N  I,  with  tl 
Secant  thereof.  1 

3.  Make  PZ  equal  to  40d.  00m.  (the  Complement  of  the  g 
ven  Latitude)  by  Prob.  6.  Cafe  X.  page  116.  of  Spheric  Geometr 

4.  Through  Z  drawn  the  Parallel  Circle  Z  G  It  (by  Problei 
q.  Cafe  2.  in  pageizi.  of  Spheric  Geometry)  with  the  Tangei 
of  408.  com.  (the  Complement  of  the  given  Latitude)  to  cuttl 
Oblique  Circle  P  ©  N  I  in  ©  :  Then  Z  reprefent  the  Lizar{ 
and  ©  Pengwin  Ifland ,  both  in  one  Parallel  of  Latitude. 

5.  Then  thro’  Z  and  ©,  draw  a  great  Circle,  as  is  the  0! 

lique  Circle  Z©C,  and  it’s  done  ;  for  Z©  on  the  Oblique  Circ 
is  the  Diffance  required,  which  is  meafured  by  Problem  7.  Ca 
3.  in  page  1 1 8.  of  Spheric  Geometry.  1 

To  find  their  Diflance  by  Trigonometry,  ’tis  to  be  noted  ; 

That  in  the  Oblique  Spheric  Triangle  l£p© .  Plate  5  Fig.  , 

1.  The  Side  ZP  equal  to  P  G  is  the  Comp,  of  the  Lat.  4od.  OOr 

2.  The  Angle  ZP©  the  Difference  of  Longitude  4yd.  36m.  J 

V  1 


\  rt. 


L 
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3.  The  Side  Z©  the  Diftance  of  the  two  Places  ;  which  to 
lad,  let  fall  the  Perpendicular  PB  (by  drawing  an  Oblique  Cir- 
e  with  the  Secant  of  23d.  48m.  half  the  (given)  Difference  of 
longitude  to  cut  the  Oblique  Circle  Z©  (in  B)  and  it  divides 
e  Oblique-Spheric-Triangle  into  two  equal  Re&angle-Spheric 
,'riangles  PBZ  and  PB©,  in  each,  the  Hypotenufe  and  one 

nsile  is  given.  • 

f.  The  Angle  ZPB  equal  to  BP©,  is  half  the  Difference  of 

longitude,  23d.  48m. 

2.  The  Leg  ZB  equal  to  B  ©,  is  half  the  Diftance  required. 
Therefore  The  Proportion  by  Chapter  5.  Se&ion  4.  Problem  2. 
afe  4.  in  page  136.  of  Rectangular  Spheric  Trigonometry,  is 


us 


is 


As  Radius,  is  to  the  Sine  Complement  of  the  Latitude  ;  fo 
e  Sine  of  half  the  Difference  of  Longitude,  to  the  Sine  of  half 
eir  Diftance  required.  But  in  fhort  thus, 
s  Radius  : :  S.  Hypot.  PZ  :  :  S.  Angle  Z  PB  •  •  S.  Leg.  z.B  j  the  Dift. 
sS.  god. ::  S.  40d.  oora. :  :  S.  23d.  48m. -S.  ifd.  02m. 

Which  being  doubled,  makes  the  Diftance  3od.  04m.  or  1804 
linutes,  which  is  the  Diftance  between  the  Lizard  and  Pengwm 
hand,  in  the  Arc  of  a  Creat  Circle. 


rob.  5.  Tq  find  how  many  Miles  or  Minutes  of  the  Equator  make 
a  Degree  of  Longitude ,  in  any  Parallel  of  Latitude. 

The  Rule  or  Proportion  is, 

I  As  Radius,  is  to  the  Sine  Complement  of  the  Latitude; 

So  is  60  Miles  or  Minutes  a  Degree  in,  the  Equator,  to  the 
Iiles  or  Minutes  of  the  Equator,  wiiich  make  a  Degree  of  Lon- 
jtude  in  the  Parallel  required. 

Example.  Plow  many  Miles  will  anfiwer  to  make  a  Degree  of 
Longitude  in  the  Latitude  of  5  id.  31m. 
s  Radius  ••  S.c.  Lat.  :  :  a  deg.  in  the  Equa.  ••  a  deg.  in  the  Par. 
Is  S.  90ft.  ••  S.  38d-  29m.  :  :  60  Minutes  ••  Min.  37.34  Parts. 
rhe  Miles  of  the  Equator  that  make  a  Degree  of  Longitude  in 
le  Latitude  of  5  id.  31m.  . 

'afe  3.  Two  Places  differing  both  in  Latitude  and  Longitude,  their 
Latitudes  and  Longitudes  being  given  to  find  their  Dijlance. 

Note,  In  this  Dale  are  three  Varieties. 

Variety  1.  Problem  6.  One  Place  in  the  Equator ,  and  the 
her  towards  either  of  the  Poles. 

Example.  Suppofe  the  Lizard,  and  the  Entrance  of  the  River 
.mazons,  their  Latitudes  arid  Longitudes  being  as  followeth  :  I  de¬ 
mand  their  Dijlance? 

Lizard 


iS6 
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d.  m. 


}Lat-{oaoolN'  Lo"E2 


S  5.14- w . 

%  40.56  w. 


Difference  of  Longitude 


44.42 


To  delienate  it  Stereographically  on  the  PJane  of  Iv  Meridi; 
of  the  Lizard.  Plate  5.  Fig.  1. 

r.  The  Circle  being  defcribed,  and  quarter’d  as  before', 
Problem  4.  make  ZEZ  on  the  primitive  Circle  equal  to  4c 
57m.  the  Latitude  of  the  Lizard,  by  Problem  6.  Cafe  i.  in  pa: 
lib.  of  Spheric  Geometry. 

2.  By  the  fame  Problem,  Cafe  2.  lay  44d.  42m.  the  giv 
Difference  of  Longitude,  on  the  Right  Circle  ZEAQ_  (which 
the  Equator)  that  is,  take  the  Half  Tangent  44b.  42m.  t. 
contrary  W ay,  and  lay  it  from  ZE  to  N. 

3.  Then  through  Z  and  N  draw  a  Great  Circle,  as  is  tlf 
Oblique  Circle  ZNC,  and ’tis  done:  For  ZN  (meafu 
Problem  7.  Cafe  3.  in  page  1 18.  of  Spheric  Gcovictiy)  is  th  0; 
tance  required. 

But  to  find  their  Diftance  by  Trigonometry ;  Obferve, 


2.  That  in  the  Rediangle  Spheric  Triangle  ZZEN.  Pice  1 
Fig.  r. 


I.  The  Leg  ZZE,  is  the  Latitude  of  the  Lizard ,  5711 


The  Leg  JEN,  the  Difference  of  Longitude  between  their 
equal  to  44d.  31m. 

3.  The  Hypatenufe  ZN,  their  Diftance  required,  to  fin 
which  (by  Chapter  5.  Section  4.  Problem  5.  Cafe  14.  in  pag 
140.  of  Rectangular  Spheric  Trigonometry)  the  Proportion  is  thus 
As  Radius,  is  to  the  Sine  Comp,  of  the  Lizard's,  Latitude;  , 
So  is  the  Sine  Complement  of  their  Difference  of  Longitude^ 
to  the  Sine  Complement  of  their  Diftance  required  :  But  i 
fhort  thus : 

Radius  ••  S.c.  Leg  ZZE  :  :  S.c.  Leg  ZEN  ••  S.  c.  Hyp.  ZN  Dift 
S.  qod.  ••  S.  4od.  03m.  :  :  S.  43d.  18m.  ••  S.  2yd.  13m.  yvhof 
Complement  is  62d-  47m.  equal  to  3767  Minutes,  is  the  Dil 
tance  between  the  Lizard  and  River  Amazons. 

Cafe  3.  Variety  2.  Problem  7.  Two  Places  lying  towards  one  0 
the  Poles  ;  that  is,  both  in  North  Latitude ,  or  both  in  Soul 
Latitude ,  their  Latitudes  and  Longitudes  being  given-,  to  Jin 
their  Dljlance. 

Example.  I  demand  the  Diftance  between  the  Lizard  and  th| 
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j  LBarbadoes  1  Lat‘  |  12.58  {  N'  LonS‘  }  5^50  W.’ 

Difference  of  Longitude  - - -  53.36 

F o  delineate  this  Stereograph ically,  on  the  Plane  of  the  Me- 
ian  of  the  Lizard. 

1.  Having  deferred  the  Primitive  Circle,  and  quarter'd  it  as 
ore,  make  the  Angle  JEP  m,  (by  Problem  2.  Cafe  2.  in 
e  xi  2.  of  Spheric  Geometry)  equal  to  53d.  36m.  the  given 
Terence  of  Longitude,  by  drawing  the  Oblique  Circle  Pm  I, 
|h  the  Secant  thereof. 

>.  On  the  Primitive  Circle  (by  Prob  6  Cafe  1.  in  page  116. 
■Spheric  Geometry)  make  PZ  equal  to  4od.  03m.  the  Comple- 
nt  of  the  Lizard’s  Latitude,  by  laying  the  Chord  thereof  from 
b  Z. 

Draw  the  Parallel  Circle  aLlt  (by  Prob.  9.  Cafe  2.  in 
le  121.  of  Spheric  Geometry)  at  I2d.  58m.  ( Barhadoes  Latitude) 
tancefrom  the  Right  Circle  aLAQ^,  the  Equator,  to  cut  the 
ilique  Circle  Pm  I  in  L. 

..  1  hen  thro’  Z  and  L,  draw  a  Great  Circle,  as  the  Oblique 
He  ZLMC,  and  it’s  done  ;  for  ZL  (meafured  by  Problem  7. 
e  3.  in  page  113.  of  Spheric  Geometry)  is  the  Diftance  re- 
•ed. 

!ut  by  Spheric  Trigonometry,  to  find  their  Diftance,  it  is  to 
^oted, 

'hat  in  the  Oblique  Spheric  Triangle  ZPL.  Plate  5.  Fig  r. 
1.  The  Side  PZ  is  the  Comp,  of  the  Lizard ,  Lat.  40d.  03m. 
I.  The  Side  PL  is  the  Comp,  of  Barbadoe ;  Lat.  ypd.  02m. 

.  The  Angle  ZPL  their  Difference  of  Longitude  53d.  36m. 
.  The  Side  ZL  their  Diftance  required. 

"o  find  which  (by  Chap.  5.  Sedjon  5.  Problem  9.  Cafe  8. 
>age  145.  of  Spheric  Trigonometry  Oblique)  The  Rule  is, 
Ltrjl ,  As  Radius,  is  to  the  Sine  Complement  of  the  Difference 
bongitude  j  fo  is  the  Tangent  Complement  of  the  greater 
itude.  To  the  Tangent  of  a  Fourth  Arc. 

Vhich  being  fubtradted  from  the  Complement  of  the  Jefs  La¬ 
de,  when  the  Difference  of  Longitude  is  lefs  than  90  De~ 
ts,  but  when  more  than  90  Degrees  from  its  Supplement  to 
Degrees,  the  Remainder  is  the  Refidual  Arc.  Then, 
econdly ,  As  the  Sine  Complement  of  the  Fourth  Arc  afore- 
id,  is  to  the  Sine  Complement  of  the  Refidual  Arc;  fo  is 
Sine  of  the  greater  Latitude,  to  the  Sine  Complement  of 

the 
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the  Diftance  required  :  But  in  fhort,  as  follows ; 

As  Radius  ••  S.c.  Angle  ZPL  :  :  S.c.  Side  ZP  ••  T.  4th  Arc 
As  S.  908.  ••  S.  36d.  24m.  :  :  S.  40d.  03m.  ••  T.  26d.  31 

which  being  fubtra&ed  from  the  Side  PL  778.  02 
Remainder  is  the  Refidual  Arc 
Then  again  fay. 

As  S.c.  4th  Arc  ••  S.c.  Refid. Arc  :  :  S.c.  Side  ZP  ••  S.c.  Side 
AsS.  63d.  29m.  S.  39d.  29m.  :  :  S.  49d.  57m.  ••  S.  32d.  57 
Whofe  Complement  5yd.  03m.  or  3423  Minutes,  is  the 
fiance  from  the  Lizard  to  Ifland  Barbadoes  in  the  Arc  of  a  Gr 
Circle. 

Cafe  3.  Variety  3.  Problem  8.  Two  Places,  one  in  North  Lc, 
tnde ,  the  other  in  South  Latitude  j  their  Latitudes  and  Longitu 
given ;  to  find  their  Diftance. 

Example.  1  demand  the  Diftance  from  Cape  Cod  in  New  Ei 
land,  to  Cape  Bona  Efperance,  or  Cape  of  Good  Hope 
Africa?  d.  m.  d.  m. 

Cape  Cod  7  T  C  42  12  N.  }  T  .  5  68  55  W. 

C.B,na  EJf.  1  Lat'  \  u  07  S.  5L°"S"  {  ,9  35  E. 

Difference  of  Longitude  is 


88 


3° 


To  delineate  it  Stereographically  on  the  Plane  of  the  Meridi 
of  Cape  Cod.  Plate  5.  Fig.  I. 

1.  The  Primitive  Circle  being  defcribed,  and  quarter’d  as! 
fore  direfted,  (make  by  Problem  2.  Cafe  2.  in  page  1 12  of  Sp; 
ric  Geometry)  the  Angle  QPM  equal  to  88d.  30m.  the  giv 
Difference  of  Longitude,  by  drawing  the  Oblique  Circle  PI 
with  the  Secant  thereof :  But  the  Secant  is  fo  large  that  ’tisjr 
eafy  to  do  ;  therefore  in  fuch  Cafes,  lay  it  on  the  Right  Ciri 
£NAMQ_,  the  Equator  (by  Problem  6.  Cafe  2.  in  page  1 16 
Spheric  Geometry)  from  Q_to  M,  that  is,  from  the  Scale  of  Ha 
tangents  the  contrary  way  ;  and  laying  a  Bow  ferew’d  up  to  l 
three  Points,  P,  M,  and  I,  draw  the  Oblique  Circle'by  it. 

2.  On  the  Primitive  Circle,  (by  Problem  6.  Cafe  1.  in  pz 
116.)  make  PZ  equal  to  4yd.  48m.  the  Complement  of  Ct 
Cod's  Latitude. 

3.  Draw  the  Parallel  Circle  aDlt  (by  Problem  9.  Cafe  2. 
page  r2i.)  at  348.  07m.  Cape  Bona  Efperance  Lat.  (or  Diftan 
from  the  Right  Circle  iEAQ_the  Equator)  to  cut  the  Obliq 
Circle  PMI,  in  D,  reprefenting  Cape  Bona  Efperance. 

4.  Thro’  Z  and  D,  draw  a  Great  Circle,  as  the  Oblique  Cin 
ZDC,  and  ’tis  done:  For  ZD  (meafured  by  Problem  7.  Cafe 
in  page  118,  of  Spheric  Geometry)  is  the  Diftance  required.  1 
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Spheric  Trigonometry,  to  find  their  DHL  it’s  to  be  consider'd 
Hiat  in  the  Oblique  Spheric  Triangle  ZPD.  Plate  5.  Fig.  1. 

1  The  Side  PZ  is  the  Comp,  of  Cape  Cod’s  Latit.  4yd.  48m. 

The  Side  PD  the  Diftance  of  Cape  Bona  Efperance  from  the 
rth  Pole,  or  its  Latitude  added  to  9od.  that  is  124ft-  07m. 

The  Angle  DPZ  their  Differ,  of  Longitude  88 d.  30m. 

!.  I'he  Side  ZD  their  Diftance  required,  which  is  thus  found. 
Chapter  5.  Seftion  5.  Problem  9.  Cafe  8.  in  page  145,  ot 
ieric  Trigonometry  Oblique,  the  Proportions  are  theft, 
fir/k  As  Radius,  is  to  the  Sine  Complement  of  their  Difte- 
ce  of  Longitude  >  fo  is  the  Tang.  Complement  of  one  of  the 
en  Latitudes,  to  the  Tangent  of  a  4th  Arc;  And  then’  , 
f  the  Difference  of  Longitude  be  lefs  than  god.  fubtracft  the 
Arc  out  of  the  other  Latitude,  added  to  god.  but  it  the 
f.  Long,  be  more  than  god.  from  the  Supplement  thereof  to 
)d.  the  Remainder  is  the  Refidual  Arc  ;  And  then, 

Secondly ;  As  the  Sine  Complement  of  the  fourth  Arc,  is  to  the 
e  Complement  of  the  Refidual  Arc  ;  fo  is  the  Sine  of  the  Lau- 
e  firft  taken,  to  the  Sine  Complement  of  the  Diftance  re- 

red  :  But  in  Short  thus ;  _  ,  . 

Radius  ••  S.c.  Ang.DPZ  :  :  T.  Side  PZ  ,.T.  4*  Arc. 

S.  god.  -j  S.  oid.  30m.  :  :  T.47d.48m.  ••  T.  id.  39™-  which 
aeing  fubtfa&ed  from  the  Side  PD  - - —  124d-  °7m‘ 


rhe  Remainder  is  the  Refidual  Arc 
Then  again  fay 


I22d.  28m. 


4th  Arc  ‘  S “RffiTuSftc  :  :  S.c.  Side  PZ  S.  c.  Side  ZD. 

f  &  3^.  **  s  :  S.  4^-2-  *£  Si 

uch  added  to  —————— 


e  Sum  is  the  Side  ZD  their  Diftance 


1 1  id.  09m. 


e  bum  is  tne  oiae  meu  d„„, 

3r  6669  Minutes  is  the  Diftance  from  Cape  Cod  to  Cape  Bona 

terance ,  in  the  Arc  of  a  Great  Circle. 


CHAPTER  VIII. 

he  third  Part  of  Navigation,  or  the  Bedlrine  of  Spheric 
Trigonometry  applied  in  Great-Circle  Sailing. 

IE  AT  Circle  Sailing ,  as  it’s  the  mod  aerate  fo  it’s  the 
moft  difficult,  and  hardly  poffible  lor  a  bmp  exadlv 
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by  j  yet  it  may  be  of  good  Advantage  to  keep  conveniently  n< 
U,  efpecially  in  a  parallel  (or  Eaft  and  Weft)  Courfe. 

2.  Great  Circle  Sailing ,  is  Sailing  by,  or  upon  the  Arc  of 
Great  Circle,  palling  through  the  two  Places. 

3.  In  Great  Circle  Sailing  are  but  three  Cafes,  viz. 

(r.)  When  two  Places  differ  only  in  Latitude. 

(2.)  When  they  differ  only  in  Longitude ;  and, 

(3.)  When  they  differ  both  in  Latitude  and  Longitude 

O 


Cafe 


I.  Two  Places  differing  only  in  Latitude ,  the  Latitu 
given,  to  find  their  Difiance. 


I.  This  is  the  fame  with  Chapter  7.  Seftion  2.  Problem  1  a 
2.  in  page  183  of  Geography,  to  which  I  refer  the  Reader  f 
finding  their  Diftance,  and  fo  pafs  to 

Cafe  2.  Two  Places  differing  only  in  Longitude ,  the  Latitude  t 
Longitudes  being  given  ;  to  find  their  Difiance  in  the  Arc  ol 
(jrefil  Circle,  and  all  that  is  rcquifite  in  Great  Circle  Sailing. 
I.  This  is  the  fame  with  Chapter  7.  Sedfion  2.  Problem 

ftance  ^  ^eS  ^  Geography,  to  find  their  I 

a  Pla,Cl3rf  either  in  the  Equator,  or  in  one  Parall 

urlerrEaftand  fr°m  each  other  5  Sunder  the  Equat 
the  Difference  of  Longitude  is  their  Diftance,  that  bein*  a  gr 

Circle,  but  if  in  one  Parallel*  the  contained  Arc  of  that°Paral 
is  not  the  neareft  Diftance,  that  being  alefs  or  fmall  Circle. 

3-  i ■  Dlftance  in  the  Parallel  hath  been  fhewed  in  Chap 

4.  Sedf.on  3  Problem  10.  of  Mercator’s  Sailing,  in  page  10 
and  their  Diftance  in  the  Are  of  a  great  Circle  is  found 

&£rA7'  i  Y  Ploblem  4>  in  page  184  of  Geograph 

But  the  Angles  of  Pofition  made  by  the  Great  Circle,  and 
Latitude  and  Longitude  at  any  affigned  Point  in  the  Arc,  tot 
t her  with  the  Courfe,  and  Diftance  from  Point  to  Point,  fo  affigi 
in  it,  is  the  Wont  we  now  proceed  upon. 

Cafe,,2-.  P,robJ-em  r*  SuPP°fi  the  Lizard,  and  Pengwin  Mar 
both  in  the  Latitude  of  5od.  00m.  North  nearly,  whofe  Dil 
rence  of  Longitude  is  47d.  36m.  (as  before  in  Problem  4 
page  184  of  Geography)  I  demand  the  Angle  of  Pofiiion  ?  2 
Great  Circles  Difiance  between  them?  The  Latitude  of  the  2 
at  every  5 Degrees  Difference  of  Longitude?  And  the  Courfe,  a 
D  fiance  from  Point  to  Point  according, to  Mercator.  J 


|5t.  II.  Great  Circle  Sailing. 

ifnis  Problem  is  delineated  by  the  Directions  in  Problem  4.  of 
ography,  in  page  184.  And  obferve  that, 
n  the  Oblique  Spheric  Triangle  APC.  Plate  5.  Fig  2. 

ii .  A  reprefents  the  Lizard. 

2.  C  Pengivin  Ifland. 

3.  The  Side  PA  equal  to  PC,  the  Complement  of  the  Latitude 
each  Place  40  Degrees. 

j..  The  Angle  APC,  the  Difference  of  Longitude  47d.  36m. 
5.  The  Angle  CAP  equal  to  ACP,  the  Angle  of  Pofition  at 
h  Place.  , 

3.  The  Side  AC,  the  Great  Circle’s  di fiance  between  them. 
Firjl,  For  the  Angle  CAP  equal  to  ACP,  the  Angles  of  Pofit- 
n  at  the  two  Places. 

Draw  the  Perpendicular  PB,  (as  was  taught  in  Problem  4.  of 
ograpby,  in  page  185.)  which  divideth  the  Oblique  Triangle 
‘C,  into  two  equal  Rectangular  Spheric  Triangles  ABP,  and 
P,  in  each,  the  Hypotenufe  and  one  Angle  are  given.  That  is, 
|f.  The  Hypotenufe  PA  equal  to  PC,  the  Complement  of  their 
itude  40  Degrees. 

1.  The  Angle  BPA,  equal  to  BPC,  half  their  Difference  of 
pgitude  23d.  48m. 

3.  The  Angle  BAP,  equal  to  BCP,  the  Angle  of  Pofition  at 
h  Place. 

j|..  The  Leg  AB,  equal  toBC,  half  the  Great  Circle’s  Diftance. 

The  Leg  BP,  the  Complement  of  the  Arc’s  greateft  Lati- 
,e. 

l\nd  by  Chapter  5.  SeCtion  4.  Problem  2.  Cafe  6.  of  Spheric 
gonometry  Rectangular,  in  page  137.  the  Proportion  is  thus; 
j\s  Radius  is  to  the  Sine  of  the  Latitude  ;  fo  is  the  Tangent  of 
f  the  Difference  of  Longitude,  to  the  Tangent  Complement  of 
Angle  of  Pofition  at  each  Place.  That  is, 
j^-s  Radius  ••  S.c.  Hyp.  AP  : :  T.Angle  APB  ••  T.c.  Angle  BAP. 
j\s  god.  ••  S.  5od.  00m. :  :  T.  23d.  48m.  ••  T.  r8d.%.om. 
jhich  being  fubtraCted  from  - - - - ^od.  00m. 

naindcr  is  the  Angle  of  Portion  at  each  Place  7  id.  20m. 
Secondly,  The  Leg  AB,  equal  to  BC,  is  found  (by  Problem  4. 
Geography,  in  page  185.)  158-  02m.  and  therefore  the  Side 
"is*  3od.  04m.  or  1804  Minutes,  the  Diftance  of  the  two 
res  in  the  Arc  of  a  Great  Circle. 

"hirdly.  To  find  the  Latitude  by  which  the  Arc  fhall  pafs  at 
ry  5  Degrees  Difference  of  Longitude  from  A,  representing 
Lizard ;  thefe  things  following  mult  be  obferved  : 

Firjl x 


igz 
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Firji,  Find  the  Leg  BP,  the  Complement  of  the  greateft  La 
titude  by  which  the  Arc  ( of  the  great  Circle)  doth  pafs';  an 
that  by  Chapter  5.  SeCtion  4.  Problem  2.  Cafe  5.  of  Spheri 
Trigonometry  Rectangular,  in  page  137.  is  thus; 

As  Radius,  is  to  the  Sine  Complement  of  half  the  Differenc 
of  Longitude. 

So  is  the  Tangent  Complement  of  the  given  Latitude  to  th 
Tangent  Complement  of  the  Arc’s  greateft:  Latitude  ;  In  ftioi 
thus ; 


As  Radius  S.c.  Angle  BPA  :  :  T.  Hypot.  PA  ••  T.c.  Leg  BP 
As  S.  god.  ••  S,  66d.  12m.  :  :  T.40CL  00m.  ••  T.  3yd.  31m 

Which  being  Subtracted  from - *  qod.  00m 

Remainder  is  the  Arc’s  greateft  Latitude - 52d.  29m 

Secondly ,  To  find  the  Latitude  by  which  the  Arc  of  the  Grea 
Circle  paffes  (at  every  5  Degrees  of  Longitude)  from  A,  drat 
Meridians  from  P,  as  P  d.  Pc,  P  f,  &c.  which  may  moft  eafil 
be  done  Gnomonically,  being  then  Right  Lines,  and  that  i 
thus,  viz. 


The  Gnomonic  Projection.  Plate  5.  Fig.  3. 

r.  Make  the  Angle  APC  equal  to  4yd.  36m.  the  Differenc  1 
of  Longitude  between  the  two  given  Places. 

2.  Make  PA,  and  PC,  each  equal  to  the  Tangent  of  400 1 
00m.  the  Complement  of  the  given  Latitude. 

3.  Draw  the  Line  AC,  which  reprefents  the  Arc  of  a  Grea  t 
Circle  between  them. 

4.  Let  fall  the  Perpendicular  PB,  which  being  meafured  on  th  1 
Scale  of  Tangents,  is  3yd.  31m.  the  Complement  of  the  Arc' I 
greateft  Latitude. 

5.  Then  draw  Lines  from  P,  each  5  degrees  diftance  from  1 I 
as  Pd,  Pe,  Pf,  Pg,  Ph,  Pi,  Pk,  PI,  and  Pm;  which  are  Meri  I 
dians,  and  each  5  Degrees  of  Longitude  from  A  the  Lizard . 

6.  Meafure  Pd,  Pe,  Pf,  £ 5V.  on  the  Scale  of  Tangents,  an  , 
they  fhew  the  Complements  of  the  Latitudes  of  the  Arc,  at  th 
xefpe&ive  Places,  d,  e,  f,  &c. 

Thefe  are  found  (by  Spheric  Trigonometry)  after  this  man 
ner;  the  feveral  prick’d  Lines  Pd,  Pe,  £3 V.  are  fo  many  Hj 
potenufes,  to  as  many  Rectangular  Spheric  Triangles,  whic 
have  one  common  Leg  BP,  the  Complement  of  the  Arc’s  greal 
eft  Latitude. 

Now  in  each  of  thefe  ReCtangular  Spheric  Triangles,  there 
given  a  Lev,  and  its  adjacent  Angle,  to  find  the  Hypotenufe 
that  is  the  Triangle  dB  P,  there  is  given  the  Leg  BP,  and  Angi 
BPd ;  to  find  the  Hypotenufe  Pd,  and  fo  in  all  the  reft. 


Ar 


J93 

are  found  by  a 
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the  feveral  Angles  B  P  d,  B  P  e,  &c. 
al  Subtradfion  of  5  Degrees  from  the  Angle  B  P  A  23d 
1  al f  the  Difference  of  Longitude,  till  the  Remainder  be 
n  5  Degrees,  which  being  taken  out  of  5  Degrees,  and 
aft  Remainder  add  5  Degrees  fucceffively  ’till  the  Sum  ex- 
t  23d.  48m.  That  is. 


d.  m. 

?  Angle  BP  A  23.48 
he  Angle  APD  5.00 

r  BPd  18.48 
.  d  \  BPe  13.48 
1S  AnS-  S  BPf  08.48 
iBPg  03.48 
ibtradf  from  —  05.00 

gle  BPh  equal  01.12 


d.  m. 

Then  to  the  Angle  BPh— 01.12 
Add  the  Angle  h  P  i  =05.00 


Sum  is  the  Angle 


‘BPi  06.12 
BPk  11. 12 
BPI  16.12 
.BPm  21.12 

Thefe  Angles  are  called  Ver¬ 
tical  Angles,  or  Angles  at  the 
Pole. 


ind  (by  Chapter  5,  Section  4,  Problem  3,  Cafe  9.  of 
'rigonometry  Re&angular,  in  pages  137  and  138)  the 
titudes  of  the  Arc,  which  are  by  this  Proportion  ; 
ius,  is  to  the  Sine  Complement  of  the  Vertical  Angle  5 
the  Tangent  or  the  Arc’s  greateft  Latitude,  to  the 
of  the  Arc’s  Latitude  at  the  refpedtive  Places  :  Or 
i  ••  S.oBPd,  BPe,  &c. :  :  T.c.  Leg  PB  ••  T.c.  Pd,Pe,  &c. 
S.jid.  12m. ;  :  T.52.  29m.  ••  T.50d.  57m.  Lat.  at.d. 

- 5 id.  40m.' 

- 52d.  09m. 

- — 52a.  25m. 

- 52d.  29m.  ;  n 

-52d.  19m.  .5  }  i 


y6d.  22m.  - 
8ul.  12m.- 
86d.  I2m.- 
88d.  48m.- 
83d.  48m.- 
y8d.  48m.- 
73d.  48m.- 
68d.  48m.- 


-5ld.  57m. 

- 5 1 d .  21m. 
-5od.  32m.  J 


m 


it  by  the  Gunter ,  the  Extent  from  the  Sine  of  90  De- 
<  the  Sine  of  7 id.  12m.  will  reach  from  the  Tangent 
29m.  to  Tangent  5od.  57m.  And  the  Extent  from 
d.  to  Sine  76d.  12m.  will  reach  from  Tangent  52d. 
o  Tangent  5 id.  40m.  Alfo  from  Sine  90d.  to  Sine 
m.  reacheth  from  Tangent  52ft.  29m.  to  Tangent  52d. 
id  fo  on  for  the  reft. 

>y  Logarithms  it  may  be  thus  contracted  j  becaufe  the 
"N  Firft 


ip:  I 

i 
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Fitjl,  Find  the  Leg  BP,  the  Complement  of  the  greate 
ritude  by  which  the  Arc  ('of  the  great  Circle)  doth  pafs 
that  by  Chapter  5.  Section  4.  Problem  2.  Cafe  5.  of  S 
Trigonometry  Reftangular,  in  page  137.  is  thus; 

As  Radius,  is  to  the  Sine  Complement  of  half  the  Diff 
©f  Longitude. 

So  is  the  Tangent  Complement  of  the  given  Latitude 
Tangent  Complement  of  the  Arc’s  greateft  Latitude  ; 
thus ; 

As  Radius  ••  S.c.  Angle  BPA  :  :  T.  Hypot.  PA  ••  T.c. 

As  S.  god.  ••  S,  66d.  12m.  :  :  T.4od.  00m.  ••  T.  37 

Which  being  fubtraifted  from - -  QC 

Remainder  is  the  Arc’s  greateft  Latitude - 52 


Secondly ,  To  find  the  Latitude  by  which  the  Arc  of  t! 
Circle  paffes  (at  every  5  Degrees  of  Longitude)  from 
Meridians  from  P,  as  P  d,  P  e,  P  f,  &c.  which  may  m 
be  done  Gnomonically,  being  then  Right  Lines,  an 
thus,  viz. 

The  Gnomonic  Projection.  Plate  5.  Fig.  3. 

1.  Make  the  Angle  APC  equal  to  4yd.  36m.  the  E 
of  Longitude  between  the  two  given  Places. 

2.  Make  PA,  and  PC,  each  equal  to  the  Tangent 
OOm.  the  Complemeut  of  the  given  Latitude. 

3.  Draw  the  Line  AC,  which  reprefents  the  Arc  of 
Circle  between  them. 

4.  Let  fall  the  Perpendicular  PB,  which  being  meafun 
Scale  of  Tangents,  is  3yd.  31m.  the  Complement  of  t 
greateft  Latitude. 

5.  Then  draw  Lines  from  P,  each  5  degrees  diftano 
as  Pd,  Pe,  Pf,  Pg,  Ph,  Pi,  Pk,  PI,  and  Pm;  which  a 
dians,  and  each  5  Degrees  of  Longitude  from  A  the  Li: 

6.  Meafure  Pd,  Pe,  Pf,  Gfc.  on  the  Scale  of  Tange 
they  ftiew  the  Complements  of  the  Latitudes  of  the  Arc 
refpeftive  Places,  d,  e,  f,  £sY. 

Thefe  are  found  (by  Spheric  Trigonometry)  after  tl 
ner;  the  feveral  prick’d  Lines  Pd,  Pe,  &V.  are  fo  m. 
potenufes,  to  as  many  ReCfangular  Spheric  Triangle; 
have  one  common  Leg  BP,  the  Complement  of  the  Arc 
eft  Latitude. 

Now  in  each  of  thefe  Rectangular  Spheric  Triangles, 
given  a  Leg,  and  its  adjacent  Angle,  to  find  the  Hype 
that  is  the  Triangle  dB  P,  there  is  given  the  Leg  BP,  an 
BPd ;  to  find  the  Hypoteaufe  Pd,  and  fo  in  all  the  reft. 


i  ' 
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And  the  feveral  Angles  B  P  d,  B  P  e,  &c.  are  found  by  a 
ntinual  Subtraction  of  5  Degrees  from  the  Angle  B  P  A  23d. 
im.  half  the  Difference  of  Longitude,  till  the  Remainder  be 
s  than  5  Degrees,  which  being  taken  out  of  5  Degrees,  and 
this  laft  Remainder  add  5  Degrees  fucceffively  ’till  the  Sum  ex- 
ed  not  23d.  48m.  That  is. 


d.  m. 

am  the  Angle  BP ^23.48 

5.00 


btfaCt  the  Angle  APD 


imam. 


r  BPd  18.48 

is  An?  3  BPe  I3‘48 

15  AnS-  *)  BPf  08.48 
iBPg  03.48 
rhich  fubtraCt  from  —  05.00 

the  Angle  BPh  equal  01.12 


d.  m. 

Then  to  the  Angle  BPh— 01.12 
Add  the  Angle  h  P  i  =05.00 


f  BPi  06.12 

Sum  is  the  Angle  <  ^  l^\\ 

LBPm  21.12 
Thefe  Angles  are  called  Ver¬ 
tical  Angles,  or  Angles  at  the 
Pole. 

Then  find  (by  Chapter  5,  Section  4,  Problem  3,  Cafe  9.  of 
heric  Trigonometry  ReCtangular,  in  pages  137  and  138)  the 
eral  Latitudes  of  the  Arc,  which  are  by  this  Proportion  ; 

As  Radius,  is  to  the  Sine  Complement  of  the  Vertical  Angle; 
So  is  the  Tangent  or  the  Arc’s  greateft  Latitude,  to  the 
angent  of  the  Arc’s  Latitude  at  the  refpeCtive  Places  :  Or 
Radius  ••  S.c*BPd,  BPe,  £ etc.:  :  T.c.  LegPB  ••  T.c.  Pd,Pe, £57, 
.S.qod.  ••  S.7 id.  12m. :  :  T.52.  29m.  ••  T.5od.  57m.  Lat.  at.d. 


y6d.  22m.  ■ 
8ii.  12m.- 
86d.  12m.. 
88d.  48m.- 
83d.  48m.- 
y8d.  48m.- 
73d.  48m.- 
68d.  48m.- 


-5 id.  40m.' 
— 52d.  09m. 
-52a.  25m. 
-'52d.  29m. 

—  52d.  19m. 

— 5id.  57m. 

—  5id.  21m. 

—  5od.  32m.  J 


:  v  i 


cJ 

J 


e 
f 

g 
h 
i 

k 

1 

So  that  by  the  Gunter ,  the  Extent  from  the  Sine  of  90  De- 
;ees,  to  the  Sine  of  7 1  d.  12m.  will  reach  from  the  Tangent 
5 2d.  29m.  to  Tangent  5od.  57m.  And  the  Extent  from 
ne  god.  to  Sine  76d.  12m.  will  reach  from  Tangent  52d. 
)m.  to  Tangent  5  id.  40m.  Alfo  from  Sine  90d.  to  Sine 
d.  12m.  reachcth  from  Tangent  52ft.  2^m.  to  Tangent  52d. 
)m.  and  fo  on  for  the  reft. 

But  by  Logarithms  it  may  be  thus  contracted ;  becaufe  the 

N  Firft 


— . — - - - 
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Firft  and  Third  Terms  in  each  Proportion  are  the  fame,  and  F 
dius  being  the  Firft,  it  follows  ; 

That  to  the  T  angent  of  the  Arc’s  greateft  Latitude,  add 
Sine  Complement  of  each  Vertical  Angle,  and  from  their  Si 
abate  Radius,  the  Remainder  is  the  Tangent  of  the  Arc’s  La 
titude  at  each  Place  required  :  As  for  Example. 


d.  m. 


Comp.  Ver  ti- 
cal  Angles. 


10.114758 

9.976189  d.  m. " 

• 

10.090947  Tang.  50.57 
9.987279 

ic. 102037  Tang.  51.40 

9  994857 

10.109615  Tang.  52.09 

9.999044 

u 

10. it 3802  Tang.  52.25 

< 

9.999905 

OJ 

JZ 

10.114663  Tang.  52.29 

9997452 

<D 

1 0. 1 1 22 1 0  Tang.  52.19 

■4-» 

9.991649 

41 

to.  106407  Tang.  51.57 

9.982404 

10.097162  Tang.  51.21 
9.969567 

10.084325  Tang.  50.32 

. 

Thirdly,  To  find  the  feveral  Courfes  and  Diftances  from  Poi 
to  Point,  having  now  the  Latitude  and  Longitude  of  them ;  tl 
is  done  by  Chapter  4,  Seftion  3,  Problem  2,  of  Mercator's  Sa 1 
ingy  in  page  93. 

As  for  Example.  To  find  the  Courfe  and  Diftance  from  A  to  c 
There  is  given  the  Latitude  of  A  5od.  00m.  North,  and 
d„  501I.  57m.  North,  with  their  Difference  of  Longitud  5d. 
300  Minutes  Weft. 

Th< 
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Their  Meridional  Difference  of  Latitude  (by  the  Table  of 
;ridional  Parts,  in  Pages  310  and  314)  is  90  Minutes: 
jiierefore. 

For  the  Courfe,  the  Proportion  is ; 

As  Merid.  Diff.  Lat.  ••  DifF.Long.  : :  Radius  ••  T.  of  the  Courfe 
As  90  Minutes  ••  300  Min.  : :  T.45d. 4*  T-73d.  18m.  N. 
lefterly  from  A  to  d  is  the  firft  Courfe. 

For  the  Diftance,  the  Proportion  is, 

Ks  S.  c.  Courfe  ••  Diff.  Lat.  :  :  Radius  ••  Diftance. 

Ks  S.  i6d.  42m.  ••  57  Min.  :  :  S.  9od.  ••  198.4  Min.  from  A 

Itfter  the  f  ame  manner  find  the  Courfes  and  Diftances  from  d 
I,  from  e  to  f,  fete,  as  follows. 

For  the  Courfes,  the  Proportions  are; 


1 69  Min. 

1+6  - - 

*7  — ■ 

6  - 

16  - 

?6  - 

|S7  - 

179 


300  Min.  :  :  T.  45d. 


d..  m. 

T.77.03  N.W.from  d  to  e. 

-  81.17 - from  e  t0 

-  84.51  - from  f  to  g. 

-  88.51  N.W.from  gtoh. 

-  86.57  S.W.  from  h  to  i. 

-  83.10. - -fromitok. 

‘  79.15 —— from  k  to  1. 
•  75-l5 - from  1  tom. 


o  Min.  ••  156  Min. : :  T.45d.  ••  T.72CI.  i4m.SW.frommtoC. 


For  the  Diftances,  the  Proportions  are, 


.  I2d. 

8d. 

5d. 

id. 

3d- 

6d. 

iod. 

I4d. 

ijd. 


57m 

43m 

09m 

09m 

03m 

50m 

45m 

4jm 

40m 


••43  Min.  : 

-29  - 

••  16  - 

••04  - . 

••  10  - - 

••  22  - 

-36  - 

..49  - 

32 


S.  9od. 


19 1. 9  Min. from  d  to  e. 
191.4— — from  e  to  f. 

178.2  - from  f  to  g. 

199.3  - from  §  t0  h* 

187.9  - from  h  to  i. 

184.9  - from  i  to  k. 

193.0 - from  k  to  1. 

192.5 - from  1  to  m.- 

104.9  - fromm  toC. 


Which  place  orderly  as  in  the  Table  following. 

N  2 


I  I:' 


*1  I;  I. 


Places 
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a* 

*•» 

X 

Tl 

e 

T 

h 

i 

k 

1 

m 

c 

Jflaccs 

Lati¬ 

tudes. 

Meri¬ 

dional 

Parts. 

Mer. 

Off. 

Lai. 

Difference 
of  Longi¬ 
tude. 

Diff. 

°f 

Lat. 

Courfes  from 

Place  to 
Place. 

Diflan 
ces  of 
Places. 

d.  m. 

Min. 

Min. 

d.  m. 

Min. 

d.  m 

Min. 

50.00 

5°:  5  7 
51.40 

52.09 

52.25 

52.29 

52.19 

5*57 

51.21 

50.32 

50.00 

3474 

3564 

3633 

3679 

3706 

3712 

3696 

3660 

36o3 

35z4 

3474 

90 

5  or  300 

57 

N  73.18  W 

198.4 

J>9_ 

46 

5  or  300 

43 

N  77.03  W 

191.9 

5  or  300 

29 

N  81.17  w 

191.4 

27 

5  or  300 

16 

N  84.51  W 

178.2 

6 

5  or  300 

04 

N  88.51  W 

l99-h 

16 

5  or  300 

IO 

S  86.57  w 

187.9 

36 

5  or  300 

22 

S  83.10  w 

i84-9 

57 

5  or  300 

36 

S  79.15  w 

193.0' 

79 

5  or  300 

49 

S  75.15  w 

192.5 

5° 

2.36  or  156 

32 

S  72.14  w 

104.9 

The  whole  Diftance  is  - •  1822.4 

But  in  regard,  moft  of  the  Courfes  in  the  Table  are  fo  ne; 
the  Weft,  you  may  fail  N.  67c!.  3om.Wefterly,  or  WNW.  940, 
Min.  until  you  are  in  the  Latitude  of  56d.  00m.  North  ;  an 
then  S.  6yd.  30m.  Wefterly,  or  WSW.  940.4. min.  farther,  yo 
will  arrive  at  the  Port  defired. 

By  this  means  you  alter  the  Latitude  6d.  which  is  confiderabll 
i  n  refpecf  to  the  Benefit  of  Observation,  befides  the  Diftanc 
(this  way)  is  but  59  Minutes  more  than  that  of  a  Great  Circli 
and  about  43  Minutes  more  than  the  parallel  or  Weft  Diftance 
which  is  evident  if  you  compare  Chapter  4,  Sedition  3,  Problei 
10,  of  Mer  cat  or\- Ska  ling,  in  page  101.  with  this. 

Cafe  3.  Two  Places  differing  both  in  Latitude  and  Longituii 
their  Latitudes ,  and  Longitudes  being  given ;  to  find  tht 
Dijlance  in  the  Jrc  of  a  Great  Circle ,  and  all  that  is  requir 
in  Great  Circle  Sailing. 

Note ;  When  two  Places  differ  both  in  Latitude  and  Longituc 
they  lie  neither  in  one  Parallel,  nor  under  one  Meridian  ;  of  whi 
there  are  three  kinds,  viz,.  (1.)  one  Place  under  the  Equator,  a 
the  other  in  North,  or  South  Latitude  ;  (2,)  Both  Places 
North,  or  both  in  South  Latitude:  And  (3.)  One  Place '  I 
.**.?  North  Latitude,  and  the  other  Place  in  South  Latitude. 

Tht 
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Thefe  three  Kinds  of  Places,  differing  both  in  Latitude  arid  Lon- 
iitude  ;  how  to  find  their  Diftance  in  the  Arc  of  a  great  Circle, 
ath  been  fhewed  in  Chap.  7,  Se&ion  2,  Cafe  3,  Problem  6,  7, 
hd  8,  of  Geography,  in  pages  185,  186,  187,  and  188  but 
1  find  the  Angles  of  Pofition,  and  what  elfe  is  requihte  in  Great - 
\ircle-Sailingy  is  the  Work  of  the  three  following  Problems. 

iafe  3.  The  firft  Kind,  One  Place  under  the  Equator ,  the  other 
in  North ,  or  South  Latitude  :  As  for  Example. 

roblem  II.  Suppoft  the  Lizard,  and  the  Entrance  of  the  River 
Amazones  ;  1  demand  the  Angles  of  Pofition  ;  the  Great  Circle  s 
E)ijlance  between  them?  The  Latitude  of  the  Arc  at  every  10 
Degrees  Difference  of  Longitude  ?  with  the  Courfc  ana  Diftance 
of  each  of  them,  according  to  Mercator  r 

The  Latitude,  and  Longitude  of  thefe  Places,  fuppofed  to  be 

s  follows,  , 

d.  m.  m- 

jizard  — ■  1  Latitude  ^  49-57  ?  Longitude  j  ^  f  w 
fmaz.  River  J  1  00.00  $  D  '  *9- 5°  '  - 

Their  Difference  of  Longitude  - - -  44-42.  W  ^ 

This  Problem  is  delineated  by  the  Dire&ions  in  Problem  b,  o. 
Geography,  in  page  186  :  And  here  Note  3  1  hat, 

In  the  Redfangle  Spheric  Triangle  Z7EN.  Plate  6-  Figure  I. 

1.  Z  reprefents  the  Lizard. 

2.  N  the  Entrance  of  Amazones  River. 

3.  The  Leg  Z  7£  the  Latitude  of  the  Lizard  49*.  57m- 

4.  The  Leg  EE>  N  their  Difference  of  Longitude  44d.  42m. 

5.  JE  Z  N°the  Angle  of  Pofition  at  the  Lizard. 

6.  £NZ  the  Complement  of  the  Angle  of  Pofition  at  An:a~ 

; ones ,  in  the  Equator. 

7.  The  Hypotcnufe  Z  N,  the  Great  Circle’s  Diftance  between 

^For  the  Angles  ffNZ,  orffZN  (by  Chapter  5.  SeT.on  4 
Problem  5,  Cafes  13  and  14,  of  Spheric  Trigonometry  Rciiangu-. 
' ar ,  in  pages  rgQ  and  140,  the  Proportions  are  thefe  > 

As  Radius,  is  to  the  Sine  of  the  Latitude ;  So  is  the  Tangent 
Complement  of  the  Difference  of  Longitude,  to  the  1  angent 
Complement  of  the  Angle  of  Pofition  at  the  Place  having  a  i 
Me:  That  is,  N  A. 


m 
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As  Radius  . .  S.  Leg  JEZ  :  :  T.  c.  Leg  JEN . .  T.  c.  Angle  JEZN. 
AsS.  god. ..  S.49d.57m.  :  :  T.  43d.  r8m. ..  T.  378.  43m. 
Which  fubtracSled  from - god.  00m, 


R.efts  the  Angle  of  Pofition  at  the  Lizard  —  52d.  17m. 

And  again, 

As  Radius,  is  to  the  Sine  of  the  Difference  of  Longitude}  f  j 
is  the  Tangent  Complement  of  the  Lizard's  Latitude,  to  th 
Tangent  of  the  Angle  of  Pofition  at  the  Place  in  the  Equator 
That  is. 

As  Radius ..  S.  Leg  JEN  :  :  T.  c.  Leg  JEZ  ..  T.  c.  Angle  iENZ. 
As  S.  god. ..  S.  44L  42m.  :  :  T.  4od.  03m.. .T.  3od.  36m.  th 
Angle  of  Pofition  at  Amazones,  which  fubtr.  from  god.  00m. 

- - - - -  I 

Reds  the  Angle  AENZ  - -  5gd.  24m; 

For  the  Hypotenufe  ZN  the  Great  Circle’s  Diftance  between 
them  that’s  found  (by  Chapter  7.  Seffion  2.  Cafe  3.  Problem  6  i 
of  Geography,  in  pages  185,  and  186)  to  be  62d.  47m.  or  376; 
Minutes.  •  ,j 

To  find  the  Latitude  by  which  the  Arc  {hall  pafs,  at  every  ic 
Degrees  Difference  of  Longitude,  from  Z  reprefenting  the  Li¬ 
zard  ■,  obferve  the  following  Stereographic  Projection  on  the  Plane  1 
of  the  Equator.  Plate  6.  Fig.  j. 

1.  Defcribe  the  Primitive  Circle,  on  the  Center  P,  which  re< 
prefents  the  Pole  of  the  World,  through  it  draw  the  Right  Circle 
EZJE,  reprefenting  the  Meridian  of  the  Lizard ,  and  from  the 
Half-Tangents  lay  408.  03m.  the  Complement  of  it’s  Latitude 
from  P  to  Z. 

2.  On  the  Primitive  Circle  lay  448.  42m.  the  Difference  of 

Longitude  from  JE  to  N }  alfo  lay  10  Degrees  from  JE  to  f,  from 
f  to  g,  and  fo  on  to  i.  e 

3.  Through  Z  reprefenting  the  Lizard ,  and  N  the  Entrance  of 
Amazones  River,  draw  the  great  Circle  as  ZN. 

4.  Draw  the  Right  Circles  P  f,  P  g,  P  h,  and  P  i }  which  are 
Meridians,  and  cut  the  Arc  ZN  in  a,  b,  c,  and  d,  the  refpe&ive 
Points  or  Places  whofe  Latitudes  are  required. 

5.  Meafure  a  f,  b  g,  c  h,  and  d  i,  on  the  Scale  of  Half-Tan¬ 
gents,  (the  contrary  Way)  and  they  {hew  the  Latitude  of  the  Ate 
at  thofe  Places  j  and  to  find  them. 

By  Spheric  Trigonometry, 

The  feveral  Right  Circles  a  f,  b  g,  &c.  are  fo  many  Perpendicu¬ 
lars  to  as  many  feveral  ReClangular  Spheric  Triangles,  which  have 
one  common  Angle  JENZ,  the  Complement  of  the  Angle  of  Po-i 
fit  ion  at  that  Place,  which  is  in  the  Equator, 

Now 
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Now  in  each  of  thefe  Rectangular  Spheric  Triangles,  there  is 
liven  a  Leg,  and  its  adjacent  Angle,  to  find  the  other  Leg, 


hich  is  the  Leg  oppofite  to  the  given  Angie  ;  that  is,  in  the 
I'ri angle  a  f N,  there  is  given  the  Leg  fN,  and  Angle  a  N  f,  to 
nd  the  Leg  a  f,  and  fo  in  all  the  reft  of  the  Triangles. 

And  the°(everal  Legs  N  f,  N  g,  & ’c.  are  found  by  a  continual 
Liberation  of  10  Degrees  from  the  Difference  of  Longitude,  till 
le  Remainder  be  lefs  than  io  Degrees  :  The  Remainders  I  call 
I' ertical  Arcs,  and  are  thus  found  ; 

d.  m. 


rom  the  Arc— 
ubtraCi  the  Arc- 


jEN  44.42 
.  JE  f  10.00 


Remains  the  Leg 


1! 


Then,  (by  Chapter  5, 
Section  4.  Problem  3.  Cafe 
7.  of  Spheric  Trigonometry 
ReCtangular,  in  pages  137 
and  138)  to  find  the  feveral 
Latitudes  of  the  Arc,  the 
Proportion  is  thus. 


N  f  3442 
Ng  24.42 
N  h  14.42 
Ni  4.42 

As  Radius,  is  to  the  Sine  of  the  Vertical  Arc; 

So  is  the  Tangent  Complement  of  the  Angle  of  Pofition  (at 
re  Place  in  the  Equator)  to  the  Tangent  of  the  Arc  s  Latitude  : 

)r  thus,  , 

,s  Radius  -  S.  Nf,  Ng,  fcft. :  :  T.  Angle  aNf  •  •  T.  Leg  af,  bg,  f, 


LsS.  9od.  .-S.  34d,  42m. :  :T.  59d.  24m. 

24  42 
14  42 

4  42 

I  have  calculated  the  Latitude  of  the  Arc  for 


T. 43-54 
35*  *5 
23.13 

07*53 
every  10 
fame  Method 


jrees  Difference  of  Longitude,  but  by  the 
raCtitioner  may  do  it  for  each  5  Degrees,  and  then  it  will  be« 

lore 

The  Courfe  and  Diftance  from  each  of  thefe  Points  or  Places 
ire  found  (by  Chapter  4.  Seftion  3.  Problem  2.  of  Mercator  s- 
\ailing ,  in  pages  93  and  94)  in  liLe  manner  as  in  the  third  tep  or 
ic  laft  Problem,  and  is  as  followeth. 

For  the  Courfes,  the  Proportion  is, 
jrs  Mer.  Diff.  Lat.  -  Diff.  Long.  :  :  Rad.  *•  T.  of  ^ Courfe  req^ 
rs 532 Min.  ••  600  Min. :  :T.45d.  ••  T-48d.  26m.  •  ‘  , 


4i 

- -  35 

- -32 

is  474Min.  ••  282Min.:  :  T.45d.  ••  1 .30 

N  4 


675 

83* 

958 


381 

5° 

04 

45 


'  a  to  b 
S.W..  b  to  c 
'  from  c  to  d 
.d  to  N. 
For 
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2.  For  the  Diftances,  the  Proportion  is. 


As  S.c.  Courfe  •■Diff.  Lat.  :  :  Radius 
As  S.  4id.  34m.  ••  363  Mm. :  :  S,  god. 

48d.  22m.  ••  519 - - - 

54d.  10m, ..  722 - 

<;7d.  56m.  ••  920 - 

59d.  15m.  ••  473  - — - 


••  Diftance  required. 

••  547.1  Min.  from  Z  to 

694.4 
890 

1086 

550.4  J  IdtoN 


7.1  Mm.  from  Z  tc 
4*4  1  fa  to 

f from  ]  c  £ 
3.4.  J  »-d  to  I 


This  may  ferve  for  a  fufficient  Explanation  of  this  Problem 
the  whole  is  in  the  Table  following. 


Pieces 

Men - 

S' 

Lati- 

dional 

2 

tudes . 

Parts. 

d.  m. 

Mia. 

Z 

49-57 

3470 

a 

43-54 

2938 

b 

35 -1 5 

2263 

c 

23-i3 

M32 

d 

°7-53 

474 

N 

00.00 

•  •  0 

Mer. 

Diff. 

Lat. 

Min. 

Dijjercnce 
of  Longi¬ 
tude. 

Dff. 

Lat. 

Courjes 

from  Place 
to  Place. 

Difiances 
of  Places. 

d.  m, 

d.  in. 

d.  m. 

Minutes 

532 

675 

10  or  600  6.03 

S  48  26~W 

547-1 

694.4 

10  or  600  8.39 

S  41  38  W 

83* 

io  or  600  12.02 

S  35  50  W 

890.6 

OO 

°i 

;o  or  600  13.20 

S  32  04  W 

1086.0 

474 

4.42  or  282j  7.53 

S  30  45  W  550.4 

The  whole  Diftance  is  — - -  3768.1; 

Cafe  3.  The  fecond  kind  ;  Both  Places  in  North  Latitude  0, 
both  in  South  Latitude ,  as  for  Example. 


Problem  3.  Suppofe  the  Lizard  and  If  and  Barbadoes  :  I  demon 
the  Angles  of  PofiUon  ;  the  Great  Circle’s  D  fiance  between  them , 
The  Latitude  of  the  Arc  at  every  10  Degrees  Difference  c 
Longitude  ?  With  the  Courfe  and  Difance  from  each  Point  0 
Place.,  according  to  Mercator  ? 


The  Latitude  and  Longitude  of  thefe  Places,  fuppofed  a 
frW  d.m.  d.m.  ' 

L  BarbadZ  }  Lat  {  ^2.58  }  Long'*‘  {  W) 


l  heir  Difference  of  Longitude  is— ——53.36 


/ 
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This  Problem  is  delineated  Stereographically,  by  the  Directions 
in  Problem  7,  of  Geography ,  in  pages  186  and  187. 

In  the  Oblique  Spheric  Triangle  PZL.  Plate  6.  Fig.  2. 

1.  Z  reprefents  the  Lizard,  in  Latitude  4gd.  57m.  North. 

2.  L  the  Ifland  Barbadoes ,  in  Latitude  I2d.  58m.  North. 

3!  The  Side  P  Z  the  Complement  of  the  Latitude  of  the 
,izard,  40L  ®3n1- 

4.  The  Side  P  L  the  Complement  of  the  Latitude  of  Barba- 

\loes ,  77d.  02m.  _  .  .  , 

5.  The  Angle  ZPL  their  Difference  of  Longiru.de,  53  deg. 

I36  min.  . 

b\  pLZ  1  the  Angk  of  Pofition  at  1  Ifland %Barbadoes. 

8*.  The  Side  Z  L  the  Great  Circle’s  Dilfance  between  them. 
For  the  Angle  PZL  and  P  L  Z,  (by  Chapter .  5,  Scdiion  5» 
Problem  9,  Cafe  7,  of  Spheric  Trigonometry  Oblique ,  in  Pages 
144  and  145.)  the  Proportions  are  thefe  ; 

As  the  Sine  of  half  the  Sum  of  the  Complements  of  both 
Latitudes,  is  to  the  Sine  of  half  their  Difference  ; 

So  is  the  Tangent  Complement  of  half  their  Difference  of 
Longitude,  to  the  Tangent  of  half  the  Difference  of  the  Angles 

of  Pofition  :  Again,  t  „  ,  ,  „  . 

As  the  Sine  Complement  of  half  the  Sum  of  the  Complements 
bf  both  Latitudes,  is  to  the  Sine  Complement  of  half  their  Dif- 
erence  * 

So  is  the  -  Tangent  Complement  of  half  their  Difference  of 
Longitude,  to  the  Tangent  of  half  the  Sum  of  the  Angles  of 

Pofition  :  But  fhorter  thus,  •  _  ,  c  . 

As  S.  f  Sum  Tides  ••  S.  \  their  diff. :  :  T.c.  §  ZPL  ••  T.5diff.  of  Ang. 
As  S.  s8d.  32m.  ••  S.  i8d.  29m. :  :  T.63d.  12m.  ••  T.  3bd.  21m. 

Again, 

As  S.c.'f  Sum  Tides  ••  S.c.  \  their  diff. :  :  T.c.f  ZPL  -TA  SumAngr 
As  S.  gid.  28m.  ••  S.  7rd.  31m.  :  :  T.63d.  12m.  T.  740.  281m 

To  which  the  half  Difference  above  being  added  -  3°d-  21m. 

The  Sum  is  the  Angle  of  Pofition  at  Z- - -  nod.  491m 

And  fubtrafted  is  the  Angle  of  Pofition  at  L  — -  38d-  07m. 
For  the  Side  ZL,  the  Diftance,  it’s  found  (by  Chapter  7 
Section  2,  Cafe  3,  Problem  7,  of  Geography,  m  Pages  187  and 
188)  to  be  57d.  03m.  or  3423  Minutes,  which  is  their  Durance 
in  the  Arc  of  a  great  Circle. 

To  find  the  Latitudes  by  which  the  Arc  fhall  pafs,  at  every 
IP  deg.  Difference  of  Longitude,  from  Z  reprefentin^  veto 
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Lizard;  defcribe  the  Problem  Gnomonically,  and  then  all  the 
Parts  of  it  will  be  right  Lines,  which  is  thus  done.  J 

The  Problem  Gnomonically  delineated. 


t.  Make  the  Angle  LPZ  equal  to  53d.  36m.  the  Difference  of 
Longitude. 

2.  Make  the  Side  PZ  equal  to  the  Tangent  of  4od.  03m. 
the  Complement  of  the  Lizard’s  Latitude. 

3.  And  P  L  equal  to  the  Tangent  of  jjd.  02m.  the  Comple¬ 
ment  of  Barbadoes  Latitude. 

4.  Draw  the  Line  L  Z,  which  is  the  Great  Circle’s  Diftance, 
between  them,  and  continue  it  beyond  Z. 

5.  From  P  let  fall  the  perpendicular  P  B  to  cut  LZ  in  B; 
which  being  meafured  on  the  Scale  of  Tangents,  is  36d.  58m. 
the  Complement  of  the  Arc’s  greateft  Latitude. 

6.  Then  draw  Lines  from  P,  each  10  Degrees  diftant  from 
Z;  as  Pa,  Pc,  Pd,  Pe,  and  Pf,  which  are  Meridians,  each 
10  Degrees  of  Longitude  from  the  Lizard ,  and  from  each  other. 

7.  Meafure  Pa,  Pc,  &c.  on  the  Scale  of  Tangents,  and  they 
fhew.  the  Complements  of  the  Latitudes  of  the  Arc,  at  the  re- 
fpe£tive  Places,  a,  c,  d,  &c. 

JTheie  are  found  by  Calculation  after  this  manner, 

Ftrjl.  In  the  Redtangle  Spheric  Triangle  PBZ;  there  is 


given  the 


Hypot.  PZ  4od.  03m. 
\  Angle  PZB  6gd.  11m. 


to  find  the 


Leg  BP. 
Angle  BPZ. 

Which,  by  Chapter  5.  Section  4.  Problem  2.  Cafes  4.  and  6.  of 
Spheric  Trigonometry  Reftangular,  in  Pages  136  and  137,  is  thus, 
I.  For  the  Leg  P  B,  the  Complement  of  the  Arc’s  greateft 
Latitude,  thus : 


As  the  Radius,  is  to  the  Sine  Complement  of  the  greateft  given 
Latitude  ; 

bo  is  the  Sine  of  the  Angle  of  Pofition  (at  that  Plare,)  to  the 
Sine  Complement  of  the  Arc’s  greateft  Latitude  ;  That  is. 

As  Radius  ••  S. Hypot.  PZ  :  :  S.  Angle  PZB  ••  S.  Leg  PB. 

AsS.  god.  ••  S.  40L  03m. :  :  S.  69c!.  inn.  ••  S.  3&d.  58m.  which 
being  fubtrafted  from - - - - - god.  00m. 


refts  the  Arcs  greateft  Latitude - . - -  53d.  02m, 

2.  For  the  Vertical  Angle  BPZ,  it’s  thus; 

As  Radius,  is  to  the  Sine  of  the  greateft  given  Latitude ; 

So  is  the  Tangent  of  the  Angle  of  Pofition  (at  that  Place,)  to 
the  Tangent  of  the  Complement  of  the  Vertical  Angle :  That  is. 

As 
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Ls  Radius  ••  S.c.Hypot.  PZ :  :  T.  Angle  PZB  ••  T.c.  Angle  BPZ. 
Is S.  90d.  ••  S.  49d.  57m.  :  :  T.  69d.  1  im.  ••  T.  63d.  35m. 
which  being  fubtrabted  from  - * - 9od.  00m. 

Refts  the  Vertical  Angle  BPZ — — — — - — — 


- - - a6d.  25m, 

Secondly ,  To  find  the  feveral  Latitudes  of  the  Arc  at  a,  c,  d, 
r.  you  may  confider,  that  the  feveral  prick’d  Lines,  Pa,  Pc, 
fc.  are  fo  many  Hypotenufes,  to  as  many  feveral  Reblangle- 
pheric  Triangles  which  have  one  common  Leg  PB,  the  Com- 
ement  of  the  Arc’s  greateft  Latitude. 

In  each  of  them,  there  is  given  a  Leg,  and  it’s  adjacent  An- 
e,  to  find  the  Hypotenufe :  that  is,  in  the  Triangle  PBa,  there  is 
ven  the  Leg  PB,  and  Angle  BPa,  to  find  the  Hypotenufe  Pa  j 
id  fo  in  all  the  reft. 

And  the  feveral  Vertical  Angles  BPa,  BPc,  BPd,  Cfc. 
e  found  by  a  continual  Addition  of  10  Degrees,  to  the  Angle 
PZ,  26d.  25m.  till  the  Sum  exceed  not  8od.  01m.  the  Diffe- 
nce  of  Longitude  given,  added  to  the  forefaid  26d.  25m.  That 
d.  m. 


'o  the  Angle  BPZ  26.25 
dd  the  Angle  ZPa  xo.oo 

fBPa  36.25 
|  BPc  46.25 
Sum  is  the  Ang.<  BPd  56.25 
■  BPe  66.25 


Thefe  V ertical  Angles  being 
thus  found,  the  feveral  Lati¬ 
tudes  of  the  Arc  at  a,  c,  d,  e, 
and  f,  are  found  by  Chapter  5, 
Sebl.  4.  Problem  3.  Caie  9.  of 
Spheric  Trigonometry  Rectan¬ 
gular,  in  pages  137  and  138, 
the  Proportion  being  the  fame 


(^BPf  76.25 

before,  in  Cafe  2.  Prob.  1.  of  this  Chap,  in  pages  190  and  193, 
id  is  as  followeth, 

-  * 

As  Radius,  is  to  the  Sine  Complement  of  the  Vertical  Angle  ; 
>  is  the  Tangent  of  the  Arc’s  greateft  Latitude,  to  thp  Tangent 
the  Arc’s  Latitude  required  :  Or  thus  j 

s  Rad.  ••  S.Co.  BPa,  BPc,  &c. :  :  T.c.  Leg  BP  ••  T.c.Pa,Pc,  &c. 
jsfhgod.  ••  S.  53d.  35m.:  ;T.  53d.  02m.  ••  T.  46.55 1 - -ra 

1  / 1 


43d.  35m. 

33d-  35^. 
23d.  35m. 
13d.  35m, 


42.29/  Lati-l  c 
36.19^  tude  J  d. 
28.00  \  of  je 
17.20-'— — If 


Which  Latitudes,  place  in  the  Table  following. 


Thirdly, 
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Places 

Meri- 

Mer. 

Difference 

Diff. 

Courfes 

Lift. 

Jh* 

Lati- 

dional 

Diff. 

of  Lon- 

°f 

from  Place 

■of 

£  ' 

tudes 

Parts. 

Min. 

Lat. 

gitude. 

Lat. 

to  Place. 

Places. 

d.  m. 

Min. 

d.  m. 

d.  m. 

d.  m. 

Min. 

z 

49-57 

46.55 

347° 

275 

I 0  or  600 

3.02 

S  65.23  W 

43^-9 

a 

3 1 95 

374 

1 0  or  600 

4.26 

S  58.04  W 

502.9 

c 

42.29 

36i9 

28.00 

2821 

479 

10  or  600 

6.10 

S  51.24  w 

593-1 

d 

234z 

59i 

10  or  600 

8.19 

S  45.26  w 

711. 1 

e 

T 

L 

>75 1 

1056 

.  7^5 

695 

10  or  600 

10.40 

S  40.48  w 

845.4 

17.20 
i  12.58 

271 

3.36  or  216 

\ 

j  4-22 

S  38.33  w 

335-° 

The  whole  Diftance 


-3424.4 


Thirdly ,  The  Courfe  and  Diftance  in  the  two  laft  Column 
of  this  Table,  are  found  by  Chapter  4,  Se&ion  3,  Problem  2,  c 
Mercator’s  Sailing,  in  pages  93  and  94,  in  the  lame  manner  a 
in  the  two  lalt  Problems  in  this  Chapter ;  thus, 

1.  For  the  Courfes,  the  Proportion  is. 

As  Mer.  Diff.  Lat .  ••  Dff.  Long.  :  :  Radius  ••  T .  of  the  Courfe  rec 

As  275.  -•  600m. :  :  T.  45d.  •  •  T.  63d.  23m.  SVV.frotn  Z  to 

2^4  . - - - 58d.  04m. -> 

479  - - - -  5I<|-  24 m./sw 

59'  — - - - -  ; 

695 - 40d.  48m.  I  e 

271th.  ••  216m.:  :  T-45d.  -- T«38d.  33m.  J  M 

2.  For  the  Diftances,  the  Proportion  is. 

As  S.c.  Courfe  ••  Diff.  Lat.  :  :  Radius  ••  Diftance  re 
As  S.  248.  37m. 


a  to 
c  to 
d  to 
e  to  i 
to  I 


3 1  d.  £6m.  ■ 
38d.  36m. 
44d.  34m. 
49d.  12m. 
5 id.  27m. 


182  Min. :  :  S.  9od. 

•  436.9  Min.  from  Z  to.. 

266 - 

502. 9~] 

-a  to 

37° 

593- 1 

c  to 

499 

j  1  j 

>■  from*! 

d  to 

640  - - 

845.4 

e  to 

262 - 

335-o- 

If  to  i 

Thus  is  this  third  Problem  fufficiently  explained  in  every  Pa 
it. 

Cafe  3.  The  Third  Kind  ;  One  Place  in  North  Latitude  ah 
the  other  in  South  Latitude,  as  for  Example. 

Problem  4.  Suppoje  Cape  Cod  in  New-Kngland,  ar.d  Cap 
Bona  Efperance  :  I  demand  the  Angles  of  Pofition  ?  The  Gres 
Circles  Dijlance  between  them  ?  The  Latitude  of  the  Arc  t 

eve > 


/ 
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very  10  Degrees  Difference  of  Longitude  ?  with  the  Courfe  and 
af  each  mh  according  to  Mercator?  ... 


Pittance  of  each  mb  according 

The  Latitude  and  Longitude  of  thefe  Places,  fuppofed  to  be  as 

°ll0WSi  d.  m.  d.». 

!ape  Cod  ?  r  t  f  42.12  N.  ?  Longitf  S  68-55 

!ape  Bona  Efper.  \  Lat*  i  34-°7  S.  S^8. 

Their  Difference  of  Longitude  — — - —  88.30.Laft 

In  the  Oblique  Spheric  Triangle  PZD.  Plate  6.  Fig.  3. 

Z  reprefents  Cape  Cod,  in  Latitude  42d.  1 2m.  North. 

2  D  Cape  Bona  Efperance ,  in  Latitude  34c?.  07m.  South. 

3.  The  Side  PZ  the  Complement  of  the  Latitude  of  C.  Lod , 

^4  The  Side  PD,  the  Diftance  of  Cape  Bona  Efperance,  from 
the  North  Pole,  which  is  its  Latitude  added  to  90  Degrees  equal 

,tO  I24d.  07m.  •  ,  ooj 

5.  The  Angle  ZPD  their  Difference  of  Longitude,  88d.  30m. 

^  the  Angle  of  Pofition  at  Cape  j  ggm  ^  e  ranee. 

8*  Theffde  Z  D  the  Great  Circle’s  Diftance  between  them. 
For  the  Angles  P  Z  D  and  P  D  Z,  (by  Chapter  5.  Seftion  5. 
(Problem  9,  Cafe  7,  in  pages  144,  &c.)  the  Proportions  are, 

J  -  d.  m» 


Side 


d.  m. 
(  PD  124.07 
|pz  4748 


The  Sum 
The  Diff. 


d.  m. 

171.55  The  half  Sum  85.57 
'76.19  The  half  Diff.  38.09 


The  Angle 

The  half  is 
Which  fub. 


DPZ  88.30 


from 


44.15 

90. 00 


1  nenin.  _ 7  Its  Complement  45.45 

As  S.  kSum/L -  St  tbdrDif. :  :  T.c.  ZPD  ••  T .\Diff.Ang. rcq. 
As  S. 8 5d.  57m.  -•  S. 38d.  09m. :  :  T.  45d.  45m. --T.  32th  27m. 
AsS.04d.03m.-S-51d.5ttn. - 85d*oom. 


Added,  giveth  the  greater  Angle  PZD 
Subtra&ed  is  the  lefs  Angle  PDZ 


. .  1 1  yd.  27m* 

- -  52d.  33m. 

The  Diftance  ZD  is  found  (by  Chapter  5.  Section  3, .Cafe  3, 
Problem  8,  of  Geography)  in  pages  188  and  189,  to  be  mu. 
com.  or  6669  Minutes. 

To  find  the  Latitude  by  which  the  Arc  fhad  pafs  at  each 
10  Decrees  Difference  of  Longitude  from  Z,  representing  Cape 
Ctdx  cfefcribe  the  Problem  Stereographically  on  the  Plane  of  the 
Equator,  and  then  all  the  Meridians  will  be  Right  Circles^ 

To  delineate  this  Problem  Stereographically ,  Plate  6.  rtg.  3- 

1.  De* 
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r.  Defcri.be  the  Primitive  Circle,  and  make  the  Angle  DPZ  1 
equal  to  88d.  30m.  the  Difference  cf  Longitude,  (by  Chapter  5, 
Se&ion  I.  Problem  2.  Cafe  1.  in  page  1 12.  of  Spheric  Geometry) 
by  drawing  two  Right  Circles. 

2.  Make  the  SidePZ  equal  to  the  Half  Tangent  of  4yd.  48m, 
the  Complement  of  the  Latitude  of  Cape  Cod. 

3.  Make  PD  equal  to  the  Half  Tangent  of  I24d.  07m.  (the 
Latitude  of  Cape  Bona  Efperance  added  to  qod.)  by  Chap.  5.  Sedf. 
I.  Prob.  6.  Cafe  2.  of  Spheric  Geometry ,  in  pages  n6  and  117. 

4.  Then  by  Chapter  5.  Se&ion  1.  Problem  4.  of  Spheric 
Geometry  (in  pages  113  and  114)  through  Z  and  D  draw  a 
Great  Circle. 

5.  From  P  (by  Problem  5.  of  Spheric  Geometry,  in  page  114' 

let  fall  the  Perpendicular  P B,  to  cut  ZD  in  B  ;  which  being 
meafured  on  the  Scale  of  Half-Tangents,  is  4id.  06m.  the 
Complement  of  the  Arc’s  greateft  Latitude.  1' 

6.  Then  draw  Lines  from  P,  each  iod.  diftant  in  the  Arc  from 
Z;  as  Pa,  Pc,  Pd,  Pe,  Cfc.  which  are  Meridians,  each  iod.  of* 
Longitude  from  one  another,  and  from  the  Meridian  of  Cape  Cod.  1 

7.  Meafure  Pa,  Pc,  f s‘c.  on  the  Scale  of  Half  Tangents, 
and  they  fhew  the  Complements  of  the  Latitudes  of  the  Arc  at 
the  refpedtive  Places,  a,  c,  d,  (etc. 

Thefe  are  found  by  Calculation  after  this  Manner,  which  is  in 
all  Refpedts  like  the  Work  of  the  laft  Problem. 

Firjl ,  In  the  Redlangle  Spheric  Triangle  PBZ. 

1.  For  the  Leg  BP,  the  Complement  of  the  Arc’s  greateft  La¬ 
titude,  it’s  thus : 

As  Radius  ••  S.  Hypot.  PZ :  :  S.  Angle  PZB  ■  •  S.  Leg.  PB. 

As  S.  god.  ••  S.  47d.  48m.  :  :  S.  62d.  33m.  ••  S.  4id.  06m.: 

Which  fubtradled  from  - - -  god.  00m. 

Refts  the  Arc’s  greateft  Latitude -  48d.  54m. 

2.  For  the  Vertical  Angle  PZB,  it’s  thus; 

As  Radius  ••  S.c.  Hypot.  PZ  :  :  T.  Angle  PZB  ••  T.c.  Angle  BPZ 
As  S.  god.  ••  S.  42d.  12m.  :  :  T.  62d.  33m.  ••  T.  52df  17m. 

Which  fubtrafled  from - -  god.  00m. 

li 

Refts*the  Vertical  Angle  BPZ - -  37d.  43m. 

Secondly,  For  the  feveral  Latitudes  at  a,  c,  d,  (etc.  add  iod.  to 
Angle  BPZ  (in  Continuation)  Light  times,  which  produceth 
the  feveral  Vertical  Angles,  BPa,  BPc,  BPd,  &c.  , 

To 


:hap.  VIII. 


r o  the  Angle  BPZ 
Add  the  Angle  ZPa 


Great  Circle  Sailing, 


d.  m. 

3743 

10.00 


BPa 
BPc 
BPd 

*  •  ,  a  i  BPe 

pum,  is  the  Angle  > 

BPg 
BPh 
BPi 


47  43 
5743 
6743 
7743 
8743 
9743 

107.43 

u743 
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Thefe  Vertical  Angles  be¬ 
ing  thus  found,  the  feveral 
Latitudes  of  the  Arc,  at  a, 
c>  e)  f>  g>  h,  and  i,  are 
found  by  Chapter  5.  Section 
4.  Problem  3.  Cafe  9.  of  Sphe¬ 
ric  Trigonometry  Rectangular ; 
the  Proportions  being  the  fame 
as  before  in  Cafe  2.  Problem  1. 
of  this  Chapter,  in  pages  193, 
and  194,  as  follow, 


As  the  Radius,  is  to  the  Sine  Complement  of  the  Vertical  Angle; 

So  is  the  Tangent  of  the  Arc’s  greateft  Latitude,  to  the  Tan- 
;ent  of  the  Arc’s  Latitude  required  :  Or  thus. 


As  Radius 
!>c,  Pd, 


S.c.  BPa,  BPc,  iftc. 


.c.  Leg  BP  ••  T.c.  Pa, 


S.  428.  17m. 

:  :T.  48d.  54m.  ”  ^37.38" 

/• 

32d.  17m. 

- 31.29 

22d.  17m. 

- 23.30 

U— 

O 

I2d.  17m. 

- 13.42 

<D 

“O 

02d.  17m. 

- - - - 02.37  •  3 

07d.  43m. 

- 08.45 

I7d.  43m. 

i-3 

27d,  43m. 

- 28.04  J 

im 

Thirdly,  For  the  Courfes,  and  Diftances,  they  are  found  by 
Chapter  4,  Section  3,  Problem  2,  of  Mercator's  Sailing,  in  pages 
13  and  94,  as  follow. 

For  the  Courfes,  the  Proportion  is, 

^er.Diff.  Lat.  ••  Diff.  Long.  :  :  Radius  ••  T.  Courfe. 
is  358  Min.  ••  600  Min. :  :  T.45d.  ••  T.59d.  1  im  SE.  from  Ztoa 

a  to  c 
c  to  d 
d  to  e 
e  to  f 
f  to  g 
g  to  h 
h  to  i: 
i  to  D. 

For 


448 

54i 

621 

673 

684 

649 

580 


—  53d-  I5m- 

—  47d.  58m, 

—  44d.  01m. 

—  4id.  43m. 

—  4id.  15m. 
42d.  45m. 
45d.  58m. 


>*< 


W 

C/0 


is  423  Min.  ••  5x0  min. :  :  T.  43d.  T,  54d.  49m. 


i, 


r  i 


io8 
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2.  For  the  Diftances,  the  Proportion  is, 


As  S.e.  Courfe  ••  DifF.  Lat. 


As  S.  300. 

49  m. 

•-  274m. 

36b. 

45m. 

369  - 

428. 

02m. 

”  479  - 

45d- 

59m. 

-  “ 

48d. 

17m. 

••  665  - 

48d. 

45m. 

•*  682  - 

478. 

15m. 

••  629  - 

4+d. 

02m. 

••  530  ~ 

35d- 

1  im. 

••  363  - 

Which  place  orderly,  as  in 

Radius  ••  Di  ft  a  nee  required. 

:  S.  god.  ••  534.9m.  from  Z 

- 616.7') 

- 715.4  | 

- 817.6  j 

- 890.9 

- gOfrl  (  ) 

- - - .  856.6  I 

- 762.5  I 

- - - 630..0J 


to  a 
to  c 
to  d 
to  e 
to  f 
f  to  g 
I  g  to  h 
!  h  to  i 
Li  to  D. 


Places 

Lati¬ 

tudes. 


d.  m. 
42.12N 


37-38 


31.29 


02.37  N 
08.45  8 


19.14 


28.04 


Meri¬ 

dional 

Parts. 


Min. 

2798 


2440 


1992 


830 


157 


527 


1 176 


1756 


34-°7 


’>79 


Merid. 

Off 

Lat. 

Difference 

°f 

Longitude. 

off. 

°J 

Lat. 

Cour/es 

from  Place 
to  Places. 

Dip 

f 

Places. 

Min. 

358 

d.  m. 

10  or  600 

d.  m. 
4-34 

d.  m. 

S  59.11  E 

Min. 

534-9 

448 

1 0  or  600 

6.09 

S  53.15  E 

616.7 

541  jio  or  600 

7-59 

S  47.58  E 

7*5-4 

621  1 1 0  or  600 

9.48 

S  44.01  E 

817.6 

■673  jio  or  600 

1 1.05 

S  41.43  E 

890.9 

684  |io  'or  600 

1 1.22 

S  41.15  E 

9°7-1 

649  |io  or  600 

10.29 

S  42.45  E 

856.6 

580  |io  or  600 

8.50  S  45.58  E 

i  762.5 

423 

8.30  or  510 

6.03  S  54.49  E 

j  630.0 

The  whole  Diftance  is- 


6734.7 


Note  -  The  Arc  of  a  great  Circle  may  be  deferibed  on  a 
Mercator ’s  Chart,  and  thereby  much  of  the  Calculate  Work 
fnared  •  for  having  the  feveral  Latitudes  of  the  Arc  at  every 
x  or’  IO  Degrees  Difference  of  Longitude,  by  Chapter  4, 
Section  1  Problem  l  and  2,  of  the  Ufe  of  Mercator’s  Chart, 
in  Pares  842nd  85,  thofe  Places  maybe  prick’d  down  in  the 
Chart*  and  then  with  a  Black  Lead  Pencil,  draw  Lines  from 
place ’to  place,  which  will  reprelent  the  Great  Circle,  and  by 

Problem  3  and  4,  of  the  Uies  of  that  Chart,  in  Page  85. 

tnei 


M9 


the  Courfes  andDiftances  from  each  other  may  be  found,  and 
at  any  Time  thofe  Lines  may  be  wiped  out,  and  the  Chart  fit  to 
ferve  at  any  other  Time,  or  for  any  other  Place. 

So  that  any  Problem,  being  thus  drawn,  in  a  Mercator's  Chart , 
Ithe  nearer  a  Ship  fails  to  it,  the  nearer  to  a  Great  Circle  fhe 
makes  her  Way  good,  and  confequently  the  Ihorter  her  Pafiage, 
and  this  is  the  chief  Ufe,  and  Application  of  Great  Circle  Sailing , 
of  which  I  have  given  a  fufficient  Explanation. 

Thus  is  finifhed  the  Third  Part  of  Navigation ,  or  the  Third 
Kind  of  Sailing,  and  now  we  pafs  to  Aflranomy . 


Sed.  I. 
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CHAPTER  IX. 

[Spheric  Trigonometry  applied  in  fundry  Aftronomic 
Problems,  tifed  in  the  Art  of  Navigation. 

WHAT  a  Spheric  or  Globe  is,  and  the  Circles  generally 
drawn  on  it  hath  been  taught  (Chapter  6,  Sedion  2,  and 
3,)  in  the  Defcription  of  both  Globes :  But;  how  thefe  are  drawn 
on  a  Plane,  and  form  divers  Triangles  (from  whence  Multitudes 
of  ufeful  and  pleafant  Problems  may  be  framed)  is  our  prefent 
Work. 

Section  I.  Afronomic  Defmtions. 

-'HE  Circles  drawn  upon  the  Sphere’s  Surface  are  either 

■  Great,  or  Lefs  Circles. 

I  The  Great  Circles,  and  their  Poles  described. 

Great  Circles ,  are  thofe  which  divide  the  Globe,  or  Sphere 
jinto  two  equal  Parts,  and  are  principally  thefe  Six.  the  Equi- 
ino&ial.  Ecliptic,  Meridian,  Horizon,  Azimuth,  and  Circle  of 

Longitude.  .  , . 

1.  The  Equinoctial,  is  a  great  Circle  which  lies  in  the  Mid- 
Idle,  between  the  two  Poles  of  the  World,  and  confequently 
each  Pole  is  go  Degrees  dittant-from  it,  cutting  all  Meridians  at 
IRio-ht  Angles,  and  divides  the  World  into  the  Northern  and 
Southern  Hemifpheres,  as  the  Right  Circle  JEAQ,  in  Plate  7. 
i Figure  1  and  2. 

The  Poles  of  the  World  are  two  fixed  Points  in  the  Heavens, 
diametrically  oppofite  to  each  other,  the  one  in  the  Northern 
Hemifphere,  called  the  (Artie  or)  North  Pole,  the  ot  er  in  t  e 
Southern  Hemifphere,  called  the  (Antartic  or)  South  Pole,  as  P 

and  I.  Plate  7.  Figure  1  and  2.  _  ■ 

The  Axis  of  the  World,  is  an  imaginary  Line  drawn  from  1  ole 
to  Pole,  about  which  the  Diurnal  Motion  (according  to  theCa. 
Syftem)  from  Weft  to  Eaft,  is  performed  i  as  PAL  ^ 
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2.  The  Ecliptic  (is  a  great  Circle)  cr offing  the  Equmoftial  in 
(two  oppofite  Points)  the  Beginning  of  Aries  and  Libra,  making 
an  Angle  (called  its  Obliquity)  of  23d.  29m.  as  the  Right  Circle, 
<£  A  yp.  Plate  7.  Fig.  1 . 

This  Circle  is  divided  into  Twelve  equal  Parts  called  Signs, 
each  containing  30  deg.  whofe  Names  and  Characters  follow. 


Aries 
Taurus 
Gemini 
Cancer 
Leo 
Virgo 
The  Zodiac , 


called 
>  Northern 


Signs. 


called 

Southern 

Signs. 


Degrees  of 


Libra  -  - 
Scorpio  -  -  - 
Sagittarius 
Capricornus 
Aquarius  - 
Pifces  -  - 

Zone  or  Girdle,  having 

Latitude  on  each  Side  the  Ecliptic ;  in  which  Space  the  Planets 
make  their  Revolutions,  being  divided  and  diftinguifhed  by  the 
Twelve  Signs. 

The  Poles  of  the  Ecliptic,  are  two  oppofite  Points  23d.  29m.' 
diflant  from  the  Poles  of  the  World  ;  as  K  and  L. 

3.  The  Meridians  are  great  Circles,  paffing  through  both  Poles 
of  the  World,  and  crofs  the  Equinoctial  at  Right  Angles,  as 
PJEI,  and  PMI,  &c.  Plate  7.  Fig.  1 ft  and  id. 

The  Colures,  are  two  Meridians  dividing  the  EquinoCtial  and: 
Ecliptic  into  four  equal  Parts ;  one  of  thefe  paffeth  by  the  Equi¬ 
noCtial  Points,  Aries  and  Libra,  and  is  called  the  EquinoCtial  Co¬ 
lure  ;  as  PAI.  Plate  7.  Fig.  r.  > 

The  other  paffieth  by  the  Beginning  of  Cancer  and  Capricorn. 
and  is  called  the  Soljlitial  Colure ;  as  P  %/El  XP  Q.  Plate  7 
Fig.  1. 

The  Sun’s  Meridian ,  is  that  Meridian  which  paffeth  over  the 


Sun’s  Center. 

A  Star’s  Meridian,  is  that  Meridian  which  paffeth  thro-  the 
Middle  of  that  Star. 

4.  The  Horizon ,  is  a  great  Circle  90  deg.  diftant  from  the 
Zenith  and  Nadir,  cutting  all  Azimuths  at  Right  Angles,  ant 
dividing  the  World  into  two  equal  Parts,  the  upper  and  vifible 
Hemifphere,  and  the  lower  and  invifible  Hemifphere.  This  Circle 
is  reprefented  by  the  Right  Circle  SAB.  Plate  7.  Fig,  2. 

The  Zenith  and  Nadir ,  are  two  Points  diametrically  oppofite 
and  are  the  Poles  of  the  Horizon:  The  Zenith  is  the  Vertica 
Point,  or  Point  right  over  our  Heads,  as  Z  j  the  Nadir  is  direCfb 
oppofite  thereto,  as  N.  Plate  7.  Fig.  2. 

5.  The  Azimuth,  or  Vertical  Circles,  are  great  Circles  cony 
during  and  interfering  each  other  in  the  Zenith  and  Nadir 

an< 


and  crofs  the  Horizon  at  Right  Angies,  as  ZCN,  and  ZAN,  &c. 

The  Prime  Vertical,  is  that  Azimuth  Circle,  which  pafleth 
through  the  Eaft  and  Weft  Points  of  the  Horizon,  as  the  Right 
~irde  ZAN. 

The  Meridian  of  a  Place,  is  that  Meridian  which  pafleth 
hro’  the  Poles  of  the  World,  and  the  Zenith  and  Nadir  of  the 
'aid  Place,  as  ZPBNISrEZ,  Plate  y.  Fig.  2. 

6.  Circles  of  Longitude ,  are  great  Circles  interfering  each 
j)ther  in  the  Poles  of  the  Ecliptic,  as  KAL,  and  KVL,  Plate  7. 
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II.  The  Lefs  Circles  defined. 


Lefs  or  Small  Circles ,  are  thofe  which  divide  the  Sphere  iritd 
wo  unequal  Parts,  and  are  drawn  parallel  to  fome  great  Circle, 
nd  therefore  are  called  Parallel  Circles  ;  and  are  of  three  Kinds, 
iz.  Parallels  of  Declination ,  Parallels  of  Latitude ,  and  Paral - 
ds  of  Altitude. 

1.  Parallels  of  Declination  are  (fmall  Circles)  parallel  to  the 
.quinoftial,  imagined  to  pafs  through  every  Degree  and  Minute 
f  the  Meridian,  between  the  EquinoTial  and  each  Pole  of  the 
Vorld,  as  %  f  g,  and  yp  ht.  Plate  7.  Fig.  2. 

The  Tropic’s  are  two  Parallels  Of  Declination,  23d.  29m.  di¬ 
ant  from  the  Equinodtial,  limiting  the  Sun’s  greateft  Declination. 
The  North  Tropic,  pafleth  by  the  Beginning  of  Cancer ,  and  i$ 
riled  the  Tropic  of  Cancer-,  as  55  f  g.  Plate  y.  Fig.  1. 

The  South  Tropic,  pafleth  by  the  Beginning  of  Capricorn,  and 
called  the  Tropic  of  Capricorn-,  as  VJp  hi.  Plate  y.  Fig.  1. 

The  Polar  Circles ,  are  two  Parallels  of  Declination,  66d.  31m. 
iftant  from  the  Equinoftial,  and  23d.  29m.  from  each  Pole  of 
ie  World. 

That  which  is  adjacent  to  the  North  Pole  is  called  the  Artie 
ircle  ;  as  K  n  o ;  and  the  other  the  Antartic  Circle  as  L  p  r, 
late  y.  Fig.  1. 

2.  Parallels  of  Latitude ,  are  (fmall  Circles)  parallel  to  the 
cliptic,  imagined  to  pafs  through  every  Degree  and  Minute  of 
e  Colores,  between  the  Ecliptic  and  the  P’oles  thereof,  as  w  x  y, 
latey.  Fig.  1. 

3.  Almicanters,  or  Parallels  of  Altitude ,  are  (fmall  Circles)  pa- 
llel  to  the  Horizon,  imagined  to  pafs  through  every  Degree  and 
linute  of  the  Meridian,  between  the  Horizon  and  the  Zenith, 

a  1 1.  Plate  7.  Fig.  2, 

O  i  We 
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Ajlromnic  Problems . 
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Thefe  Definitions  compared  with  Chapter  6.  Se£tion  4.  (< 
the  Ufe  of  the  Caeleftial  Globe,  in  Pages  168  and  169.)  an 
well  confider’d,  will  make  way  for  the  underftanding  the  follow 
ing  Problems. 


Section  II.  Spheric  Trigonometry  Rectangular,  applied  in  Aflrom 
mic  Problems,  ufeful  in  Navigation. 


AN  D  becaufe  the  Sun’s  Place  in  the  Ecliptic,  is  the  Groun 
of  the  fucceeding  Problems,  you  have  here  (out  of  M 
Tho.  Street’s  Memorial  Verfes  on  the  Ecclefiaftic  and  Civil  C 
lendar)  a  General  Rule  ;  which  for  common  Ufes  may  ferve,  ar 
is  as  follows. 


I .  To  know  the  Day  of  the  Month  the  Sun  enter eth  any  of  ti 
Twelve  Signs. 

The  Rule.  Twice  twent’,  twice  one,  4  threes,  twice  two ; 

Then  twenty,  nineteen,  that  will  do. 

That  is,  counting  March  the  hrft  Month,  the  Sun  enters 
T  Alareh  20  July  23  /  November 

y  April  20  T1R  Augujl  23  XP  December 

XT  May  21  £4  September  23  JSK  January 

June  21  October  23  A.  Februaay 


2.  To  find  the  Degree  of  the  Sun’s  Place  on  any  given  Day. 

The  Rule.  Prom  the  Day  of  the  Month  given,  (if  you  cai 
fubftraft  the  Day  of  his  Entrance  into  the  Sign  of  that  Mont 
the  Remainder  is  the  Degree  of  the  Sun’s  Place  in  that  Sig 
Or  elfe,  b  5 

W  hen  you  can’t  fubftraft,  add  30  to  the  Day  given  ;  and  fro 
the  Sum  iubftradf  the  Day  of  his  Entrance  into  the  Sign  of  th 
Month,  the  Remainder  will  be  the  Degree  of  his  Place  in  tl 
Sign  preceding  the  Month  given. 

Example  1.  March  31ft,  I  defire  to  know  the  Sun’s  Place  ? 

Prom  March  the  3 iff,  the  Day  given;  fubltra6t  the  Sun’s  E: 
trance,  T  March  20. 

The  Remainder  11  is  the  Degree  of  the  Sun’s  Place  in  y\ 

Example  2.  May  the  15th,  I  defire  to  know  the  Sun’s  Placi 
To  the  Day  given  May  the  15th. 

- - 3° 


Add 
Sum  is 


f,  ,  n  ~  ,  -----  - - — - - —  45  from  which 

oubftra£I  the  Sun’s  Entrance  into  n  May  21 


Remainder  is  the  Sun’s  Place  in  y 


24  Degrees. 


Prollt 
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Problem  1.  The  Sun’s  Place  in  the  Ecliptic,  and  his  greateft  Decli- 
1  nation  given;  to  find  his  Right  Afcenfion,  and  prefent  De¬ 
clination. 

Definition  1.  Afcenfion,  is  the  Rifing  of  the  Sun,  Star  or  any 
Part  of  the  Equinoctial  above  the  Horizon;  and  Del'cenfion  is 
[the  Setting  thereof. 

2.  Right  Afcenfion,  is  an  Arc  of  the  Equinoctial,  intercepted 
I  between  the  Beginning  of  Aries,  and  any  Meridian,  and  counted 

{according  to  the  Order,  or  Succeffion  of  the  Signs  :  Or,  it’s  chat 
,  Degree  and  Minute  of  the  Equinoctial  (counted  as  before)  which 
corneth  to  the  Meridian  with  the  Sun,  Star,  or  with  any  Pate  of 
the  Ecliptic ;  as  AM.  Plate  7.  Fig.  r. 

3.  Declination ,  is  an  Arc  of  a  Meridian  contained  between  the 
Sun,  or  Star’s  Center,  and  the  Equinoctial,  as  MC. 

4.  The  Sun’s  greateft  Declination  is  an  Arc  of  the  Solftitial 
Colure,  contained  between  the  Equinoctial  and  the  Ecliptic,  and  is 
equal  to  23d.  29m.  as  IE  <S>,  and  QjVp.  Plate  7.  Fig.  1. 

Example.  The  Sun  in  Taurus,  24d.  15m.  1  demand  his  Right 
Afcenfion  and  Declination  ? 

In  the  ReCtangle  Spheric  Triangle  AMC.  Plate  7.  Fig.  1. 

1.  AMC  the  Right  Angle. 

2.  AC  the  Sun’s  Longitude  from  the  next  EquinoCtial  Point. 

3.  AM  his  Right  Afcenfion  from  the  fame  Point. 

)  4.  MAC  the  Sun’s  greateft  Declination,  equal  to  23d.  29m. 

5.  MC  his  prefent  Declination. 

Note-,  the  Sun  in  T,  y,  If,  V7>,  SS,  X,  the  neareft  Equinoc¬ 
tial  Point  is  the  Beginning  of  T  :  But  when  the  Sun  is  in  5, 

IK,  A,  %,  or  /• ,  the  neareft  EquinoCtial  Point  is  — 

So  that  in  this  Problem,  the  Sun  being  in  y  24c!.  15m.  he  is 
54d.  15m.  from  the  neareft  EquinoCtial  Point  T- 

To  projeCt  this  Problem  Stereographically  on  the  Plane  of  the 
■  Solftitial  Colure. 

t  X.  Defcribe  the  Primitive  Circle  with  a  Chord  of  60  Degrees, 
and  quarter  it,  with  two  Right  Circles,  iEAQ_  (the  EquinoCtial) 
and  PAI  (the  EquinoCtial  Colure)  placing  A  at  the  Center  of  the 
faid  Primitive  Circle,  which  now  is  the  Solftitial  Colure. 

2.  Make  (by  Problem  2.  Cafe  1.  of  Spheric  Geometry,  in  Page 
112.)  the  Angle  /EA  $  equal  to  23d.  29m.  (the  Sun’s  greateft 

)  :  Declination)  by  laying  the  Chord  of  it,  from  IE  to  <  nddraw~ 

:  ing  the  Right  Circle  <33  A  yy>  the  Ecliptic. 

3.  The  Ecliptic  is  divided  into  the  12  Signs,  each  3od.  front 
the  Scale  of  half  Tangents,  by  Problem  6.  Cale  2  of  Spheric 
Geometry ,  in  Page3  1 16  and  117. 

O  3 


4.  On 
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4.  On  the  Ecliptic  make  AC  equal  to  54c!.  15m.  (from  tbs 
Scale  of  Half-Tangents)  by  the  fame  Problem  6.  Cafe  2. 

5.  Then  (by  Chapter  5,  Setlion  1,  Problem  5,  Cafe  3,  of  iS^v] 

ric  Geometry ,  in  Page  1 1 5.)  draw  from  C  a  great  Circle  perpen  ^ 
dicular  to  iEAQ_,  as  in  the  Oblique  Circle  PCMI,  to  cut  JEAQ  : 
in  M,  and  it’s  done.  I 

For  in  the  Re£tangle-Spheric-Triangle  AMC,  the  Legs  AM  : 
and  MC  are  the  two  Things  required,  and  may  be  meafured  b] 
Chapter  5,  Section  1,  Problem  7,  Cafes  2  and  3,  of  Spheric  j 
Geometry,  in  Page  118. 

But  by  Spheric  Trigonometry,  having  the  Hypotenufe  and  oni  : 
Angle  given,  the  Proportions  are  as  follow. 

1°  To  find  the  Sun’s  Right  Afcenfion,  by  Chapter  5,  Se£tion4  j 
Problem  2,  Cafe  5,  of  Spheric  Trigonometry  Rectangular,  h 
Pages  136  and  137,  it’s  thus; 

As  the  Radius,  is  to  the  Sine  Complement  of  the  Sun’s  greatef 
Declination ; 

So  is  the  Tangent  of  the  Sun’s  Longitude  from  the  neareft  Equi 
noCtial  Point,  to  the  Tangent  of  the  Sun’s  Right  Afcenfion,  fron 
the  faid  Point.  Or  thus ; 

As  Radius . .  S.  c.  Angle  MAC  ;  :  T.  Hypot.  AC  . .  T.  Leg  AM. 

As  S.  gcd. ..  S.  66d.  31m.  :  :  T.  54d.  15m.  ..  T.  5id.  52m. 

Note ;  This  Proportion  finds  the  Sun’s  Right  Afcenfion  onl; 
when  he  is  in  the  firft  Quarter  of  the  Ecliptic;  -that  is,  in  T,  « 
or  n  :  But  when  the  Sun  is  in  the  fecond  Quarter  <£,  or  HR 
it  muft  be  fubftrarfted  from  i8od.  and  when  he  is  in  n,  nh  or  / 
it  muft  be  added  to  i8od.-  and  in  the  laft  Quarter  2X,  or  X 
that  found  by  this  Proportion,  muft  be  fubftra&ed  from  36od.  am 
and  fo  you  will  have  the  Sun’s  Right  Afcenfion  from  y',  (for  an 
Place  in  the  Ecliptic)  defired. 

2.  To  find  the  Sun’s  prefent  Declination,  by  Chapter  5,  Sec 
tion  4,  Problem  2,  Cafe  4,  of  Spheric  Trigonometry  Redtangu 
lar,  in  Page  136,  it’s  thus  ; 

As  the  Radius,  is  to  the  Sine  of  the  Sun’s  Longitude  from  tfy 

neareft  Equino&ial  Point ; 

So  is  the  Sine  of  the  Sun’s  greateft  Declination,  to  the  Sine  c 
the  Sun’s  prefent  Declination.  Or  thus  ; 

As  Radius  ..  S.  Hypot.  AC  :  :  S.  Angle  MAC  ..  S.  Leg  MC. 

As  S.  9od.  ..  S.  54c!.  15m.  :  :  S.  23d.  29m.  ..  S.  i8d.  52m. 

Note ;  The  Sun  being  in  any  of  the  Northern  Signs,  T,  y ,  H 
«$,  if),,  or  ITR,  his  Declination  is  North  ;  but  when  in  any  of  th 
Southern  Signs  ,  %,  f ,  \y>,  SS,  or  X ,  his  Declination  is  South. 

In  this  Re&angle-Spheric-Triangle  AMC  (Plate  7.  Figure  x. 

may  the  two  fuoceeding  Problems  be  refolved. 

Problem 


/ 
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°roblem  2.  The  Sun’s  Right  Afcenfto  1  given  ;  to  find  his  Place 
in  the  Ecliptic,  and  his  Declination? 

Example.  The  Sun’s  Right  Afcenfion  I28d.  9m.  where  is  his 
[Place  in  the  Ecliptic,  and  what  is  his  Declination  ? 

Here  is  one  Leg  and  its  adjacent  Angle  given  ;  to  wit,  the  Leg 
\M  5  id.  51m.  the  Right  Afcenfion  (lub  ft  rafted  from  i8od.)  and 
i\ngle  MAC  23d.  29m.  the  Sun’s  greateft  Declination  ;  which 
Triangle  is  made  by  Problem  12,  of  Spheric  Trigonometry  Geome¬ 
ric,  in  Page  125,  and  its  Solution  is  by  Chapter  5,  Seftion  4, 
Problem  3,  Cafes  7  and  9,  of  Spheric  Trigonometry  Re £i angular ^ 
n  Pages  137  and  138,  or  thus; 

1.  For  the  Sun’s  Place  in  the  Ecliptic,  it’s  thus  ; 

T.  Leg  AM  ..  Radius  :  :  S.  c.  Angle  MAC  ..  T.  c.  Hyp.  AC,  or 
!fis  Radius  ..  S.  c.  Ang.  MAC  :  :  T.  c.  Leg  AM  ..  T.  c.  Hyp.  AC. 

5.  9od.  ..  S.  66d.3im.  :  :  T.  38ft.  09m.  ..  T.  33d.  46m. 

Which  fubftrafted  from  —  — - —  —  —  qod.  00m. 

Refteth  the  Sun’s  Longitude  —  — - 54^*  i4m* 

jyanting  of  cc  ;  fo  that  his  Place  is  5ft.  46m.  in  «ft,. 

2.  For  the  Sun’s  prefent  Declination,  it’s  thus, 

\s  T.  c.  Angle  MAC  ..  Radius  :  :  S.  Leg  AM  ..  T.  Leg  MC,  or 
■\s  Radius  ..  S.  Leg  AM  '•  r  T.  Angle  MAC  ..  T.  Lew  MC. 

\s  S.  god.  ..  S.  5 1  d.  51m.  :  :  T.  23d.  29m.  ..  T.  i8d.  52m. 
he  Sun’s  Declination  North  decreafing. 

I  Problem  3.  The  Sun’s  Declination  given  ;  to  find  his  Place  in  the 
Ecliptic,  and  Right  Afcenfion  ? 

Example.  The  Sun’s  Declination  i6d.  39m.  South  increafing : 
l  demand  his  Place  in  the  Ecliptic,  and  his  Right  Afcenfion  ? 

Here  is  a  Leg  and  its  oppofite  Angle  given  ;  that  is,  the  A.ngle 
|MAC  23d.  29m.  the  Sun’s  greateft  Declination,  and  the  Leg  MC 
!l6d.  39m.  his  prefent  Declination,  which  Triangle  is  made  by 
Problem  13,  of  Spheric  Trigonometry  Geometric ,  in  Page  126; 
iwhofe  Solution  is  by  Chapter  5,  Seftion  4,  Problem  4,  Cafes  10 
land  12,  of  Spheric  Trigonometry  Rectangular,  in  Pages  138  and 
139,  thus;  1.  To  find  his  Place  in  the  Ecliptic,  it’s  thus ; 

As  S.  Angle  MAC  ..  Radius  :  :  S.  Leg  MC  S.  Hypot.  AC. 

As  S.  23d.  29m.  ..  S.  Qod.  :  :  S.i6d,39m.  ..  8.458.  59m*„ 
the  Sun’s  Longitude  beyond  Z2,  becaufe  his  Declination  is  South 
increafing ;  fo  that  the  Sun’s  Place  is  I5d.  59m.  in 
2.  For  his  Right  Afcenfion,  ’tis  thus  ; 

Radius  ..  T.c.AngleMAC  : :  T.  Leg  MC  ..  S.  Leg  AM. 

T.45d.  ..T.  66d.  31m.  :  :  T.i6d.39m. ..  S.  43d.  30m. 

To  which  add  —  —  —  —  i8od.  00m, 

The  Sum  is  the  Sun’s  Right  Afcenfion  — —  223d.  30m.  Atom  V“» 

&  O  4 
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Problem  4.  The  Latitude  of  a  Place ,  and  the  Sun’s  Declinatio 
given ;  to  find  the  Sun’s  Amplitude ,  and  Aficenfiional  Difference. 


Definition  1.  Latitude  of  a  Place,  or  Latitude  upon  the  Eartf 
is  an  Arc  of  the  Meridian  of  that  Place,  contained  betw?«en  th 
Zenith  (of  that  Place)  and  the  Equinoctial,  as  2.JE  ;  equal  there 
unto  is  the  Height  of  the  Pole  above  the  Horizon,  as  BP.  Plate  j 
Figure  the  2d. 

2.  Amplitude ,  is  an  Arc  of  the  Horizon,  contained  betwee 
the  Ecliptic  and  the  Equinoctial,  and  fheweth  how  far  the  Sur 
or  any  Star  rifeth,  or  fetteth  from  the  Eaft,  or  Weft  Points  of  th 
Horizon  ;  as  AR.  Plate  7.  Figure  the  2d. 

3.  Aficenfiional  Difference ,  is  the  Difference  between  the  Rig! 

Afcenfion,  and  the  Oblique  Afcenfion,  or  Defcenfion  :  Or  it 
an  Arc  of  the  EquinoCtial,  contained  between  the  Hour  Circle  c 
fix  a  Clock,  and  that  Meridian  which  pafleth  through  the  Sun  c| 
Star's  Center,  or  any  Point  of  the  Ecliptic,  in  their  Rtffng,  or  i 
their  Setting.  '  J 

4.  Oblique  |  |  »s  an  Arc  of  the  Equinoctial  cor1 

tained  between  the  Beginning  of  T,  and  that  Part  of  the  Equi 

noCtial  that  |  j-  with  the  Center  of  the  Sun  or  Star ,  <j 

with  any  Point,  Part,  or  Portion  of  the  Ecliptic ,  in  an  Obliqi 
Sphere.  j 

d.  m.  Example. 

Latitude  51  3 1  I  N  ,  .  .  m  ■  , .  C  Amplitude, 

Sun-s  Dec.  23  29  \^Vtbgwen,  What  ts  bis  j  Afcenf  Diff- 

In  the  ReCfangle  Spheric  Triangle  PBR.  Plate  7.  Fig  2. 

1.  PBR  the  ReCtangle. 

2.  PB  the  Latitude,  or  Height  of  the  Pole  above  the  Horijjoi 

3.  PR  the  Complement  of  the  Sim’s  Declination. 

4.  BR  the  Complement  of  the  Sun’s  Amplitude. 

5.  BPR  the  Complement  of  the  Sun’s  Afcenfional  Difference 
To  project  it  ftereographically  on  the  Plane  of  the  Meridian, 
j.  The  Primitive  Circle  being  defcribed  and  quartered  (; 

formerly)  with  two  Right  Circles  SAB  the  Horizon,  and  (ZA> 
the  Prime  Vertical  j  with  A  at  its  Center.  Plate  7.  Fig.  the  2d. 

2.  On  the  Primitive  Circle  lay  the  Latitude  5 id.  31m.  from 
to  P,  and  from  Z  to  iE,  by  Problem  6.  Cafe  j.  of  Spheric  Geotn 
try ,  in  Page  1 16  and  draw  the  two  Right  Circles  PAI  for  the  Ax 
of  the  World,  or  Hour  Circle  of  Six,  and  ./EAQjhe  Equinoctial 

3.  The 
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3.  Then  (by  Problem  9.  Cafe  2.  of  Spheric  Geometry ,  in  Page 
121)  draw  ®  O  1  f  R  g  parallel  tq  iEAQ_,  at  23d.  29m.  (the 
?iven  Declination)  from  it,  to  cut  the  Horizon  SAB  in  R,  the 
Place  of  the  Sun's  Rifing  and  Setting. 

4.  Through  P,  R,  and  I,  draw  an  Oblique  Circle,  and  it’s 
'  done:  For  in  the  Re&angle  Spheric  Triangle  PBR,  the  Leg  BR, 

:  land  Angle  BPR  are  the  two  Things  required,  and  may  be  mea- 

fured  by  Problems  7  and  8,  of  Spheric  Geometry,  in  Pages  1 17, 
|Ii8,  and  119. 

But  by  Trigonometry,  having  the  Hypotenufe  PR  66d.  3rm. 
and  Leo- BP  51c!.  31m.  given,  the  Proportions  by  Chap  5.  Sec¬ 
tion  4.  Problem  1.  Cafes  1  and  3.  of  Spheric  Trigonometry  Rec~ 
t angular,  in  pages  135  and  136,  are  thus  : 

l.  To  find  the  Sun’s  Amplitude,  the  Proportion  is, 
i  As  the  Sine  Complement  of  the  Latitude,  is  to  the  Radius; 

1  So  is  the  Sine  of  the  Sun's  Declination  to  the  Sine  of  the  Sun’s 
[  Amplitude.  Or  thus; 

I  As  S.  c.  Leg  BP  ..  Radius  : :  S.  c.  Hyp.  PR  ..  S.  c.  Leg  BR. 

!As  S,  38d.  29m,  ..  S.  god. :  :  S.  23d.  29m.  ..  S.  398.  49m. 

Note;  The  Amplitude  and  Declination  aie  ever  ot  one  Name; 
^hat  is,  both  North,  or  both  South. 

2.  To  find  the  Afcenfional  Difference,  the  Proportion  is ; 

As  the  Radius  is  to  the  Tangent  of  the  Latitude; 

F  So  is  the  Tangent  of  the  Sun’s  Declination,  to  the  Sine  of  the 
1  Sun’s  Afcenfional  Difference.  Or  thus ; 

As  Radius  ..  T.  Leg  BP  :  :  T.  c.  Hyp.  PR  ..  S.  c.  Angle  BPR. 
As  T. 458. ..  T. 5 id.  31m. :  :  T.  23d.  29m.  ..  S.  33d.  08m.  the 
Sun’s  Afcenfional  Difference. 

[Problem  5.  The  Latitude  of  a  Place ,  and  the  Sun’s  Declination 
given  ;  to  find  his  Oblique  Afcenfion  or  Defcenfion. 

The  Rule.  1.  Find  the  Sun’s  Right  Afcenfion  by  Problem  3.  and 
the  Afcenfional  Difference  by  Problem  4.  Then, 

2.  When  the  Latitude  and  Declination  are  both  North,  or 
both  South,  the  Afcenfional  Difference  added  to,  and  fubftra&ed 
from  the  Sun’s  Right  Alcenfion,  the  firft  is  the  Oblique  Defcen- 
*  fion,  the  latter  is  the  Oblique  Afcenfion. 

)  3.  When  the  Latitude  and  Declination  are  one  North,  and  the 

other  South,  add  and  fubftradt  as  before  ;  the  firft  is  the  Oblique 
Afcenfion,  and  the  lafter  is  the  Oblique  Defcenfion. 

Note;  When  you  cannot  fubftratft,  add  360  Degrees  to  the 
Right  Afcenfion,  and  then  fubftraift;  alfo  when  you  have  add ^d, 
if  the  Sum  exceeds  360  Degrees,  fubftracl  360  Degrees  there- 
1  from,  the  Remainder  is  the  Thing  required. 

Example 
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Example.  Latit.  5 id.  31m.  North - 

Sun’s  Declin.  1 5<d.  40m.  South  decreaftng 
his  Oblique  Afcenfion  and  Defcenfion  ? 

1.  For  the  Sun’s  Right  Afcenfion ,  it’s  thus  ; 

As  Radius ..  T.c.AngleMAC  :  :  T.LegMC  ..  S.  Leg  AM; 
AsT.45d. ..  T.  66d.W3im.  :  :  T.i5d.4om. ..  S.  4c'd.  12m. 

Which  fubftracted  from  —  —  36od.  00m. 

Remainder  is  the  Sun’s  Right  Afcenfion  3 iqd.  48m.  from  T  I 

2.  For  his  Afcenfmal  Difference ,  it’s  thus; 

As  Radius ..  T.  Latitude  :  :  T.  e  Declin. ..  S.  ©  Afcen.  DifF. 
AsT.45d. ..  T.5id.3im.  :  :  T.  i5d.4om.  ••  S.  2od.  39m. 

Right  Afcenfion  found  above - -  3igd.  48m.  from  V 

Added  is  the  Sun’s  Oblique  Afcenfion  —  34cd.  27m. 
Subftra&ed  is  the  Sun’s  Oblique  Defcenfion  29Qd.  09m. 

Problem  6.  The  Latitude ,  and  the  Suds  Declination  given  ;  tv 
find  the  Time  of  the  Sun’s  Rifing  and  Setting,  and  the  Length, 
af  the  Day  and  Night  ? 

L he  Rule.  1.  Find  the  Sun’s  Afcenfional  Difference  by  Prob  i 
lem  4,  in  pages  216  and  217,  which  is  reduced  into  Time,  by 

allowing  as  hereunder.  tjjrtp 

i5d.  00m.  7  f  1. - Hour—  I 

id.  oorn.  >  for  -s  0.04.  Minutes  >  of  Time  ; 
od.  15m.  3  io.oi.  Minute  j 

2.  The  Sun’s  Afcenfional  DifFence  (being  reduced  into  Hour 
and  Minutes)  added  to,  and  fubftradbed  from  6  Hours,  the  one  i 
Sun-rifing,  and  the  other  is  Sun-fetting. 

Note ;  When  the  Latitude  and  Declination  are  both  North,  c 
both  South,  the  Sun  rifeth  before,  and  fets  after  Six.  But  if  on 
be  North,  and  the  other  South,  he  then  rifeth  after,  and  fets  be 
fore  Six  of  the  Clock. 

3.  Double  the  Time  of  Sun-fetting,  gives  the  Length  of  th 
Day  ;  alfo  double  the  Time  of  Sun  rifirtg,  gives  the  Length  c 
the  Night.  / 

Example.  Latitude  5 id.  31m.  North,  Sun’s  Declination  23c 
29m.  North  given ;  the  Sun’s  Afcenfional  Difference,  by  Prob 
lem  4,  is  33d.  08m.  equal  in  Time  to  2  Hours,  12  Minutes,  3 
Seconds.  Therefore  the  Work  is  as  follows. 

h.  >  "  . .  '  tjfc 

d.  m.  6.00  00 

Afc: DIE  —  22-08,  or— 2.12.32  h.  ' 

AdJ,  is  Sun-fetting  =8.12.32  ?Len.  of$  —16.25.  I 

Subftr.  is  Sun-rifing  —  3.47.28}  t  Night  is  =  7 -34*5^ 


■  given ;  what  is 
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In  the  fame  Re&angle  Spheric  Triangle  PBR  [Plate  7.  Fig.  2.) 
nay  the  five  next  following  Problems  be  refolved ;  which  are  for 
he  Learner’s  Exercife. 

°roblem  7.  Latitude  of  a  Place,  and  the  Sun’s  Afcenfional  Diffe¬ 
rence  given;  to  find  his  Declination,  and  Amplitude  ? 

Latitude  - -  -  4 id.  :  47m.  South. 

\  Sun  rifeth  at  -  yd.  :  30m. 


Example.  The  j 


Here  is  a  Leg,  and  its  adjacent  Angle  given  ;  that  is,  the  Le^ 
3P  4 1  d.  47m.  the  Latitude,  and  the  Angle  BPR  4b.  30m.  ol 
?7d.  30m.  the  Complement  of  the  Sun’s  Afcenfional  Difference  ; 
which  Triangle  is  made  by  Problem  12.  of  Spheric  Trigonome- 
ry  Geometric,  in  Page  125  ;  and  for  its  Solution,  fee  Chapter  5, 
[section  4?  Problem  3*  Cafes  8  and  9,  of  Spheric  Trigonometry 
Rectangular,  in  Pages  137  and  138,  and  is  thus ; 

1.  For  the  Sun's  Declination,  it’s  thus ; 

lAs  Radius  ..  S.oAfcen.Diff.  :  :  T.c.Latitude  ..  T.  ©  Declin. 

As  S.god. ..  S.  2  2d.  30m.  :  :T.48d.i3m,..T.  23d.  nm.N. 

.2.  For  the  Sun’s  Amplitude,  it’s  thus ; 

As  T.  .O  Afcen.  Diff. ..  Radius  :  :  S.  Latitude..  T.c  ©  Ampli.  Or, 
AsS.  Latitude..  Radius  : :  T.O  Afcen.  Diff ..  T.  ©  Amplitude.  * 
As  4id.  47m. ..  S  god.  ::T.  22d.  30m.  ..  T.  3rd.  52m.  N. 
Problem  8.  Latitude,  and  Sun’s  Amplitude  given ;  to  find  his  De¬ 
clination,  and  Afcenfional  Difference. 

Example.  Thei  ^ati,tu)Je  ~~  36<j'  :  *7m-  North. 
r  ISuns  Amplitude  igd.  :  nm.  South. 

Here  are  both  the  Legs  given ;  that  is,  the  Leg  S  I  36d-  17m. 
he  Latitude,  and  the  Leg  SR  yod.  49m.  the  Complement  of  the 
iun’s  Amplitude;  which  Triangle  is  made  by  Problem  14.  of 
Jpheric  Trigonometry  Geometric,  in  Page  127,  and  it’s  Solution 
s  (by  Chapter  5,  SeCtion  4,  Problem  5,  Cafes  13  and  14,  of 
ipheric  Trigonometry  Redangular,  in  pages  139  and  140,)  ia 
his  Manner. 

I,  For  the  Sun’s  Declination,  thus ; 

As  Radius  ..  S.c.Latitude  :  :  S.  (j)Amplit.  ..S.  ©  Declinat.  req. 

As  S.  90d. ..  S.  53d. 43m.  :  :  S.  igd.  11m.  ..  S.  i5d.  21m.  South. 

2.  For  his  Afcenfional  Difference,  thus ; 

As  T.c.  ©Am.  ..  Radius  :  :  S.  Latitude. .  T.  ©  Afcen.  Diff.  Or, 
As  Radius ..  S.  Latitude  :  :  T.  ©  Amplit. ..  T.  ©  Afcen.  Differ. 

As  9od.  ..S.  36d.  17m.  tiT.igd.nm.  ..T.ud.  38m.  or  oh.  47m. 
Problem  9.  The  Sun’s  Declination,  and  Amplitude  given;'  to 
find  the  Latitude,  and  Sun’s  Afcenfional  Difference  ? 

-  I9d.  :  10m.  South. 

-  3 id.  :  30m.  South. 

Hers 
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Here  is  the  Hypotenufe,  and  one  Leg  given ;  for  which  f< 
Problem  10.  of  Spheric  Trigonometry  Geometric ,  (in  Page  12 
Chapter  5,  Section  5,  Problem  1,  Cafes  2  and  3,  of  Spheric  Tr 
gonometry  Rectangular ,  in  pages  135  and  136)  for  its  Solution 


Note ;  The  Latitude  may  be  either  North,  or  South,  in  tl 
Problem. 


to.  Sun’s  Declination,  and  Afcenfional  Differen 
;  to  find  the  Latitude,  and  his  Amplitude  ? 

„  ,  C  Sun’s  Declination - 23d.  29m.  South 

Example.  The  1 


Problem 

given 


Sun  fetteth  at 


—  3h-  30m- 


Here  is  the  Hypotenufe  and  one  Angle  given ;  for  which  fee  Pro: 
Jem  11,  of  Spheric  Trigonometry  Geometric ,  (in  pages  124,  &  12 
and  Chapter  5,  Sedion  4,  Problem  2,  Cafes  4  &  5,  of  Spheric  T{‘, 
gonometry  Rectangular,  in  pages  136  and  137.)  for  its  Solution. 

Problem  1 1.  Sun’s  Amplitude,  and  Afcenfional  Difference  give: 
to  find  the  Latitude,  and  his  Declination  ? 

^  7  rpi  (  Sun’s  Amplitude - — —  33d.  20m.  North 

ThejSunfetKtJat - 


47m. 


Here  is  one  Leg,  and  it’s  oppofite  Angle  given,  for  which  1 
Problem  13,  of  Spheric  Trigonometry  Geometric,  (in  page  126,  a 
Chapter  5,  Sedion  4,  Problem  4,  Cafes  10  and  12,  of  Spheric  T. 
gonometry  Rectangular,  in  Pages  138  and  139)  for  the  Proportion: 

Problem  12.  The  Latitude  of  a  Place,  and  the  Sun’s  Declinati 
given;  to  find  his  Altitude,  and  Azimuth  at  the  Hour  of  Six  ? 

Definition.  1.  Altitude  is  an  Arc  of  an  Azimuth  Circle,  cc 
tained  between  the  Horizon  and  any  Parallel  of  Altitude  ;  as  t 
Plate  7.  'Fig.  2.  _  ■  '  nj " 

2.  Azimuth ,  is  an  Arc  of  the  Horizon,  contained  between  t 
Meridian  of  the  Plate,  and  any  Azimuth  Circle  ;  or  contair 
between  the  Prime  Vertical,  and  any  other  Azimuth  Circle ; 
A  b.  Plate  7.  Fig.  2. 

The  S  }  North. 

Note  ;  At  Six  of  the  Clock  the  Sun  is  upon  the  Axis  PAI. 

In  the  Redangle  Spheric  Triangle  A  b  f  ( Plate  7.  Fig.  2.) 
to  be  noted. 

1.  A  b  f  the  Redangle. 

2.  b  A  f  the  Latitude  of  the  Place. 

3.  A  f  thi  Sun’s  Declination,  of  the  fame  Name  with 
Latitude. 

4.  b  f  the  Sun’s  Altitude  at  the  Hour  of  Six. 

5 
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5.  A  b  the  Sun’s  Azimuth  from  the  Eaft  at  6  in  the  Morning, 
nd  from  the  Weft  at  6  in  the  Afternoon ;  Northerly  in  North' 
Latitudes,  but  Southerly  in  South  Latitudes. 

To  project  it  Stereographically,  on  the  Plane  of  the  Meridian. 

X.  Having  defcribed  the  Primitive  Circle,  quarter'd  it,  drawn 
jhe  Axis  of  the  World  PAI,  the  Equinoctial  iEAQ_,  and  the  Pa- 
allel  of  Declination  %  O  1  f  R  g,  as  before  directed  in  Problem 
,.  of  this  Chapter,  in  pages  2x6  and 217. 

2.  Through  f  (where  the  Parallel  of  Declination  cutteth  the 
\xis  PAI)  draw  an  Oblique  Circle  perpendicular  to  the  Horizon 
;AB  (by  Problem  5,  Cafe  3.  of  Spheric  Geometry,  in  pages  114 
i  nd  1 15)  as  in  the  Azimuth  Circle  Z  f  bN,  to  cut  SAB  in  b, 

1  :>vhich  forms  the  Rectangle  Triangle  A  b  f,  and  it’s  done. 

For  the  Leg  A  b,  the  Sun’s  Azimuth,  and  the  Leg  b  f,  the 
Hun’s  Altitude  at  6  of  the  Clock,  are  the  two  things  required, 
ind  are  meafured  by  Problem  7,  Cafes  2  and  3,  of  Spheric  Geo¬ 
metry,  in  pages  1 1 7  and  118. 

But  by  Spheric  Trigonometry ,  having  the  Hypotenufe  and  one 
\ngle  given,  that  isAf  23d.  29m.  the  Sun’s  Declination,  and 
*>Af  5 id.  31m.  the  Latitude;  the  Leg  bf  the  Sun’s  Altitude, 

1  nd  Leg  A  b  his  Azimuth  at  6  of  the  Clock  ;  are  found  by  Chap- 
er  5,  Section  4,  Problem  2,  Cafes  4  and  5,  of  Spheric  Trigono- 
1 1 rjetry  Rectangular,  in  pages  136  and  137. 

,  1.  To  find  the  Sun’s  Altitude  at  6,  the  Proportion  is ; 

As  the  Radius,  is  to  the  Sine  of  the  Latitude;  fo  is  the  Sine  of 
he  Sun’s  Decimation,  to  the  Sine  of  the  Sun’s  Altitude,  at  the 
lour  of  6.  Or  thus; 

|\s  Radius  ..  S.  Angle  bAf :  :  S.  Hypot.  Af  ..  S.  Leg  bf. 

\s  S.  god.  ..  S.  5 id.  31m.  :  :  S.  23d.  29m.  ..  S.  i8d.  11m. 

2.  To  find  the  Sun’s  Azimuth,  the  Proportion  by  the  aforefaid' 

!  Problem,  is, 

1  As.  the  Radius,  is  to  the  Sine  Complement  of  the  Latitude; 
o  is  the  Tangent  of  the  Sun’s  Declination,  to  the  Tangent  of 
he  Sun’s  Azimuth  from  the  Eaft  or  Weft,  at  the  Hour  of  6. 
Dr  thus ; 

\s  Radius  ..  S.  c.  Angle  bAf  :  :  T.  Plypot  A  f.  ..  T.  Leg  A  b. 

1  i\s  S.  9od.  ••  S.  38d.  29m.  :  :  T.  23d.  29m.  ..  T.  13d.  08m. 

That  is, 

At  6  in  the  Morning  the  Sun  is  E.  i5d.  08m.  N.  or  near  upon 
he  ENE.  %  E.  Point  of  the  Compafs ;  and  at  6  in  the  Afternoon 

’ae  is  nearly  upon  the  WNW.  fW.  Point  of  the  Compafs. 

• 

IKi 


In 
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Chap.  IX. 


In  the  fame  Triangle  Ab  f  ( Plate  7.  Fig.  2.)  may  be  refolved 
the  five  Problems'next  following,  to  exercife  the  young  Learner. 
Problem  13.  The  Latitude,  and  Sun’s  Altitude  at  the  Hour  of 
Six  given  ;  to  find  his  Declination  and  Azimuth  ? 

—  ,  (  Latitude -  3?d.  2Qm.  South. 

Example .  The  ^  ^un>s  Altitude  -  gd.  50m.  P.  M. 


Here  is  one  Leg  and  its  oppofite  Angle  given  ;  that  is,  the  Leg 
b  f  qd.  50m.  the  Sun’s  Altitude,  and  the  Angle  b  A  f,  33d.  20m. 
the  Latitude;  which  Triangle  is  made  by  Problem  13.  of  Sphe¬ 
ric  Trigonometry  Geometric,  in  page  126;  and  for  its  Solution, 
fee  Chapter  5,  Sedtion  4,  Problem  4,  Cafes  10  and  12,  in  pages 
138  and  139.  And  is  thus  ; 

r.  For  the  Sun’s  Declination,  the  Proportion  is. 

As  S.  Latitude  ..  Radius  :  ;  S.  G  Alt.  at  6  ..  S.  o  Declination. 
As  S.  35d.  20m.  ••  S.  9od.::S.  9d.  50m. ..  S.  1 7d.  10m.  South. 

2.  For  the  Sun’s  Azimuth  at  6,  the  Proportion  is. 

As  Radius  ..  T.  c.  Latitude  :  :T.  ©  Alt.  at  6  ..  S.  o’s  Azimuth. 
As  T.  45d.  ..  T.  54d.  40m.  :  :  T.  9d.  50m.  ..  S.  I4d.  9m.  Weft 
Southerly,  or  WSW.  £  W.  is  the  Point  of  the  Compafs  the  Sun 
is  upon. 

Problem  14.  Latitude,  and  Sun’s  Azimuth  at  the  Hour  of  6  given  j 
to  find  his  Declination,  and  Altitude  ? 

27  j.r  t-u  $  Latitude - ■  36d.  19m.  North. 

Example.  *  he  }  sun’s  Azimuth  icd.  14m.  W.  Northerly. 


Here  is  a  Leg  and  its  adjacent  Angle  given ;  that  is,  the  Leg 
Ab  iod.  14m.  the  Sun’s  Azimuth,  and  the  Angle  b  Af  36c!. 
19m.  the  Latitude  ;  which  Triangle  is  made  by  Problem  12  of 


Spheric  Trigonometry  Geometric,  in  page  125,  and  for  its  Solu¬ 


tion,  fee  Chapter  5,  Sedtion  4,  Problem  3,  Cafes  7  and  9,  in 
pages  137  and  138.  Which  is  thus; 

I .  For  the  Sun’s  Declination,  the  Proportion  is. 

As  T.  O  Azim.  ••  Radius  :  :  S.c  Latitude  ..  T.  c.  G  Dec.  Or, 

AsS.  c.  Latitude  ..  Radius  :  :  T./G  Azim.  ..  T.  Q  Declination. 

As  S.  53d.  41m.  j*  S^od. :  :  T.  ic<J.i4m.  ••  T.  I2d.  38m,  N. 

2.  For  the  Sun’s  Altitude  at  6,  the  Proportion  is ; 

As  T.c.  Latitude  ..  Radius  :  :  S.  G  Azim.  ..  T.  0  Altitude.  Or, 
As  Radius ..  S.Q  Azimuth  :  :  T.  Latitude  ..  T.  O  Altitude  at  6. 
AsS.  9od. ..  S.  iod.  14m.  :  :  T.36d.i9m.  ..T.  yd.  26m.  Alt. at 6. 
Problem  15.  The  Sun's  Declination,  and  Altitude  at  the  Hour  of 
Six  given  3  fa  find  the  Latitude,  and  his  Azimuth  ? 

Example* 


AJlronomic  Problems. 


2  2  3 


The  Sun’s 


Declination- 
Altitude — 


2  id.  30m.  South. 

1 5d.  56m.  A.M. 

is  the  Hypotenufe  and  one  Leg  given  ;  that  is,  A  f  aid. 


61.  II. 

Example, 

Here 

jm.  the  Sun’s  Declination,  and  b  f  I5d.  56m.  the  Sun’s  Altitude ; 

which  fee.  Problem  10,  of  Spheric  Trigonometry  Geometric ,  in 

re  123,  and  Chapter  5,  Setftion  4,  Problem  1,  Cafes  2  and  3, 

Spheric  Trigonometry  Rectangular,  in  pages  135  and  136. 

oblem  16.  Sun’s  Declination,  and  his  Azimuth  at  the  Hour  of 

Six  given  ;  to  find  the  Latitude,  and  his  Altitude  ? 

r  .1  c  >  $  Declination  iod.  14m.  South 

frcmpk.  The  Suns  }  Azimuth_  ,’d.  0’m.  E.  So„ther|y 

Here  is  (as  in  the  Jaft  Problem)  the  Hypotenufe  and  one  Leg 
en  ;  that  is,  Af  igd.  14m.  the  Sun’s  Declination,  and  Ab 

1.  09m.  the  Sun’s  Azimuth;  for  which  fee  Problem  10,  of 
7 eric  Trigonometry  Geometric ,  in  page  123,  and  Chapter  5, 
ition  4,  Problem  1,  Cafes  1  and  3,  of  Spheric  Trigonometry 
Stangular ,  in  pages  135  and  136. 

iblem  17.  Sun’s  Azimuth,  and  Altitude  at  the  Hour  of  Six 
given  ;  to  find  the  Latitude,  and  his  Declination  ? 

&“’*  j  com.'  W'  S0U'h',,y- 

Here  are  both  Legs  given ;  for  which  fee  Problem  14,  of 
| >eric  Trigonometry  Geometric ,  in  page  127,  and  Chapter  5, 
lion  4,  Problem  5,  Cafes  13  and  14  of  Spheric  Trigonometry. 
Ct  angular,  in  pages  139  and  140. 

iblem  18.  The  Latitude  of  a  Place,  and  the  Sun’s  Declination 
riven ;  to  find  the  Sun’s  Altitude,  and  the  Hour  of  the  Day 

1. vhen  the  Sun  is  Eaft  or  Weft. 

Note ;  When  the  Sun  is  either  Eaft  or  Weft,  he  is  then  upon 
Prime  Vertical,  ZAN.  Plate  7.  Fig.  2. 

‘Example.  The  j  3  “'.^Declination  23d.'  I9 mi  jNorth- 
In  the  Rectangle  Spheric  Triangle  A  k  1,  Plate  7.  Fig.  2, 
ferve,  That, 

r.  Akl  is  the  Re£t angle. 

2.  k  A  1  the  Latitude. 

3.  k  1  the  Sun’s  Dec.  of  the  fame  Name  with  the  Lat. 

A1  the  Sun’s  Altitude  when  he  is  upon  the  Eaft  or  Weft 

imuth  Circle. 

,  A  k  the  Hour  from  6 ;  if  Eaft,  after  6  in  the  Forenoon, 
when  Weft,  before  6  in  the  Afternoon. 

To  project  it  Stercographically  on  the  Plane  of  the  Meridian, 
i.  The  Primitive  Circle  beipg  drawn,  quartered,  as  alfo 

the 
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the  Axis  PAI,  Equinoctial  ^)AQ_,  and  Parallel  of  Declinatio  j 
05  ©  lfRg,  as  formerly,  in  Problem  4,  of  this  Chapter,  t 
cut  the  Prime  Vertical  ZAN  in  1,  the  Place  of  the  Sun  when  Y  j 
is  either  Eaft  or  Weft. 

2.  Then  thro5  1  draw  a  Great  Circle  to  cut  the  Equmoai;  j 
/EAQ_  at  Right  Angles  in  k,  by  Problem  5,  Cafe  3,  of  Spher  i 
Geometry ,  in'Page  i :  5,  as  the  Oblique  Circle  P  1  k  I,  whic  \ 
forms  the  Re&angle  Spheric  Triangle  A  k  1. 

For  the  Hypotenufe  A  1,  and  Leg  A  k  (the  former  the  Sun 
Altitude,  the  latter  the  Hoiir  from  6,  when  he  is  either  Eaft  ( 
Weft)  are  the  two  Things  required,  and  are  meafured  by  Pro! 
lem  7,  Cafe  2,  of  Spheric  Geometry ,  in  page  1 1 8. 

But  by  Trigonometry ,  having  a  Leg  and  itsoppofite  Angle  givei 
that  is,  k  A  1  5id.  31m.  the  Latitude,  and  k  1,  23d.  29m.  tl 
Sun’s  Declination  ;  the  Leg  A  k  the  Hour  from  6,  and  the  H; 
potenufe  A  1,  the  Sun’s  Altitude  when  Eaft,  or  Weft,  are  four 
by  Chapter  5,  Se&ion  4,  Problem  4,  Cafes  10  and  12  of  Spher 
Trigonometry,  in  pages  1 38  and  1 39. ,  Thus, 

1.  To  find  the  Sun’s  Altitude,  the  Proportion  is. 

As  the  Sine  of  the  Latitude,  is  to  the  Radius  ; 

So  is  the  Sine  of  the  Sun’s  Declination,  to  the  Sine  of  his  A 
titude,  when  Eaft,  or  Weft.  Or  thus  ; 

AsS.  Angle kAl  ..Radius  :  :  S.  Leg  k  1  ..  S.  Hypot.  A  1. 

As  S.  5  id.  31m. ..  S.  god. :  :  S.  23d. 29m. ..  S.  3od.  36m.  ©  Alt 
2.  To  find  the  Hour  from  Six,  the  Proportion  by  the  aforefa 

Problem  4,  and  Cafe  10,  is,  . 

As  the  Radius,  is  to  the  T angent  Complement  of  the  Latitude 
So  is  the  Tangent  of  the  Sun’s  Declination,  to  the  Sine  of  t 
Hour  from  Six.  Or  thus; 

As  Radius  ..  T.c.  AnglekAl  :  :  T.  Leg  kl  ..  S.  Leg  A  k. 
AsT.45d.  ..  T.  38d.  29m.  ::  T.23d.29im  ..  S.  2od.  12m. 
the  Hour  from  Six. 

Which  reduced  into  Hours  and  Minutes  of  Time,  and  add 
to,  and  fubftra&ed  from  6  Hours,  giveth  the  Hour  of  the  D 

required.  . 

That  is,  2od.  12m.  reduced  into  time,  is  ih.  21m.  almo 

Which  added  to  - — — — - — - •  6h.  oom. 

The  Sum  fhew’eth  the  Sun  is  Eaft  at -  7h.  21m.  Moii 

And  being  fubtr.  fheweth  the  Sun  is  Weft  at  4h.  39m.  Aftei 
In  the  fame  Re&angle  Sheric  Triangle  A  k  1,  {Plate  7.  Fig.  c, 
the  five  Problems  following  may  be  refolved*  and  are  here  pi 
pofed  to  exercife  the  Learner; 

Prc 


/ 
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'Prob.  XrX.  The  Sun  Eaft,  the  Latitude,  and  the  Suns  Altitude 
given  ;  to  find  his  Declination  and  the  Hour  of  the  Day  ? 

C'vamnV  The  i  Latitude - * -  5 id.  30m.  North. 

I  ’  1  Sun’s  Altitude  256.  1 6m.  Adorning. 

Here  is  t,he  Hypotenufe,  and  one  Angle  given  ;  that° is,  the 
j-iypotrenufe  A1  25d.  16m.  the  Sun’s  Altitude,  and  the  Angle 
t  A  1  5 1  d-  30m.  the  Latitude;  Which  I  riangle  js  made  by  Pro- 
iiLm  11.  of .Spheric  Trigonometry  Geometric ,  in  page  124.,  and  for 
ts  Resolution,  fee  Chapter  5.  Section  4.  Problem  2.  Cafes  4  and 
in  pages  136  and  137.  And, 

1.  For  the  Sun’s  Declination,  the  Proportion  is j 

As  Radius  ••  S.  Latitude  ;  ;  S.  ©  Altitude  ”6.  ©  Declin.  reej. 

As  S.  9od.  -•  S.  5 id.  30m.  :  :  S.c.  23d.  16m.  ••  S*  rgd.  30m.  Nor. 

2. ^  For  the  Hour  when  he  is  Eaft,  the  Proportion  is, 

As  I  .c.  ©  Alt.  ••  Rad.  :  :  S.c.Lat.  ••  T.Hour  from  6,  when  E.  Or, 
\s  Radius  ••  S  c.  Lat.  ;  :  1  .  ©  Alt.  »*  7'.  Hour  from  6,  when  E. 
\s  90d.  ••  S.  38d.  30m.  : ;  7'.  23d.  16m.  ••  T.i6d.  2rm  or  1  h.  3m. 
yhich  added  to  6,  makes  yh.  3m.  the  Time  when  the  Sun  is 

{aft. 

Problem  XX.  The  Sun  Weft,  the  Latitude ,  and  Flour  of  the 
Day  given  >  to  find  the  Sun’s  Altitude ,  and  Declination  ? 

pie.  The  Lat'tude  — -  3cd.  iom.  South* 

(Hour - ■  gh.  13m.  P.M.  or  Afternoon* 

Here  is  given  a  Leg,  and  its  adjacent  Angle  }  that  is,  the 
j-.eg  Ak4.1d.  15m.  or  2h.  45m.  the  Hour  from  6,  when  the 
unis  Weft;  and  the  Angle  kAl  30d,  1  om.  the  Latitude  ;  which 
.  riangle  is  made  by  Problem  12.  of  Spheric  Trigonometry  Geome¬ 
ric.  And  for  its  Refolution,  fee  Chapter  3.  Section  4.  Problem 
"*  Cafes  7  and  9,  in  pages  137  and  138.  And, 

I.  For  the  Sun’s  Declination,  the  Proportion  is, 

^s  T\c.  P,at>  "  Rad.  :  ;  S.  Hour  from  6.  ••  7'.  ©  Declination.  Or, 
As  Radius  ••  S.  Hour  from  6  :  ;  T. Latitude  **  T.Sun’s  Declination. 
As  S.  9od.  ••  S.4id.  13m.  :  ;  7'.  3od,  iom.  ••  7'.  2od.  58m.  South. 

2.  For  the  Sun’s  Altitude,  the  Proportion  is. 

Vs  T.Hour  from  6  -Rad. :  :  S.c.Lat.  -T.c.GAlt.  when  W.  Or, 
Vs  S.c.  Lat  ••  Radius :  :  T.  Hour  from  6  T.  Sun’s  Alt.  when  W« 
As  S.  39d.  50m.  ••  S.  god.  ;  ;  T.  4id.  15m.  ••  T.  43d.  24m. 
he  Sun  s  Altitude,  when  Weft. 

^rob.  XXL  The  Sun  Eaft,  his  Declination,  and  his  Altitude 
given  ;  to  find  the  Latitude,  and  the  Hour  of  the  Day  ? 

Ixamnle  ’Tlif.  e„„>  5  Declination  2od.  50m.  South. 

p,e-  Tl,e  Sun  7  Altitude  -  29d.  30m.  A;  M.  or  Morn. 

P  Here 
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Here  is  given  the  Hypotenufe,  and  one  Leg ;  that  is,  t! 
Hypotenufe  A  I,  29d.  3®171'  the  Sun’s  Altitude,  and  the  L 
ki  2od.  50m.  his  Declination  Which  Triangle  is  made  1 
Problem  10.  of  Spheric  Trigonometry  Geometric ,  in  page  122,  a 
for  its  Refolution,  fee  Chapter  5.  Section  4.  Problem  1.  Ca . 
2  and <3;  in  pages  135  and  136.  ■ 

Prob.  XXII.  The  Sun  Weft,  his  Declination ,  and  Hour  of  t 
Day  given  ;  to  find  the  Latitude ,  and  his  Altitude? 

.  C  Sun's  Declination  iod.  39m.  North. 

Example.  1  he  -j  Hour  of  the  Day  ^  52m.  P.  M. 

Here  are  given  both  Legs ;  that  is,  the  Leg  k  1  iod.  39: 
the  Sun’s  Declination,  and  Leg  A  k  1  yd.  or  ih.  8m.  the  Ho; 
from  6,  when  the  Sun  is  Weft  :  For  making  this  Triangle, 
Problem  14.  of  Spheric  Trigonometry  Geometric  in  page  127.  A 
for  its  Refolirtion  fee  Chapter  5.  Section  4.  Problem  5.  Ca; 
13  and  14,  in  pages  139  and  140. 

Prob.  XXII.  The  Sun  Eaft,  his  Altitude ,  and  the  Hour  of  t? 
Day  given ;  to  find  the  Latitude  and  his  Declination  ? 

_  ,  .  C  Sun’s  Altitude - 3od.  10m. 

Example.  The  {  Hour  of  the  Day -  7d.  50m.  A.  M. 

Note;  In  this  Problem  the  Latitude  may  be  either  North 
South,  and  both  truly  anfwcr  the  Queftion. 

Here  is  given  the  Hypoteoufe,  and  one  Leg;  that  is,  t 
Hypotenufe  A1  3od.  10m.  the  Sun’s  Altitude  when  Eaft,  a 
the  Leg  Ak  2yd.  30m.  or  ih.  50m.  the  Hour  from  6,  wh 
he  is  fo ;  This  Triangle  is  made  by  Problem  10.  of  Spheric  T. 
gonometry  Geometric ,  in  page  123,  2nd  for  its  Refolution,  i 
Chapter  5.  Sedion  4.  Problem  1.  Cafes  1  and  3,  in  pages  I 
and  136. 

Prob.  XXIV.  The  Sun  in  the  Equinoctial,  the  Latitude  of 
Place,  and  the  Sun’s  Altitude  given  ;  to  find  his  Azimuth ,  a 
the  Hour  of  the  Day  ? 

Note  ;  When  the  Sun  hath  no  Declination,  he  is  then  (faid 
be)  in  the  Equinoctial;  which  is  twice  in  a  Year,  about  t 
2 1  ft  of  March ,  and  the  23d  of  September. 


Examp 


iij 


Seel.  II.  Aflronomic  Problems. 

xample.  The  j  “  5*d-.  3^1.  AV/i. 

I  buns  Altitude  2id.  50m.  A.  ML  (or  Morning.) 
In  the  Reftangle  Spheric  Triangle  ZjTD,  Plat <7.  i^g-.  2. 
is  to  be  noted  5 

The  Angle  ZiED  the  ReCtangle. 

The  Leg  Z  ZE  the  Latitude  of  the  Place. 

7  he  Leg  ZE  D  the  Hour  of  the  Day  from  Noon. 

The  Leg  ZD  the  Complement  of  the  Sun’s  Altitude. 

ZEZD  the  Sun’s  Azimuth  from  the  South  in  North 


tude ; 


La- 


but  from  the  North  in  South  Latitude,  Eafterly  in  the 
orenoon,  and  Wefterly  in  the  Afternoon, 

T°  Project  Stereographically  on  the  Plane  of  the  Meridian. 

1.  1  he  Primitive  Circle  being  drawn,  quartered,  as  alfo  the 
xis  PA  I,  and  the  Equinoctial  AZEQ_as  formerly  directed  in 
roblcm  4.  in  page  216. 

2.  By  Problem  9.  Cafe  2.  of  Spheric  Geometry ,  in  page  121. 
raw  a  parallel  Circle  at  2id.  50m.  (the  given  Altitude),  diftance 
■>m  the  Horizon  S  AB,  as  A  D  1 1,  to  cut  the  Equinoctial 

A  Q_,  in  D  ;  the  Place  of  the  Sun  at  that  Time. 

3.  Through  D  (by  Problem  5.  Cafe  3.  of  Spheric  Geometry , 
page  x  15)  draw  a  great  Circle  perpendicular  to  SAB,  as  is  the 
jolique  Circle  ZD  C  N,  which  concludes  the  ReCtangle  Spheric 
dangle  ZiED,  and  its  done. 

For  the  Angle  ZE  Z  D,  and  Leg  ZED  (the  former  the  Sun’s 
fumuth  from  the  South  Meridian,  the  latter  the  Hour  from 
when  the  Sun  is  in  the  EquinoCtial)  are  the  two  things 
J[uired,  and  aremeafured  by  Problem  7.  Cafe  2.  and  Problem  8. 
•Je  2.  of  Spheric  Geometry ,  in  pages  118  and  119. 

But  by  Spheric  Trigonometry,  having  the  Hypotenufe,  and 
given  j  that  is,  ZD  y8d.  10m.  the  Complement  of  the 
Vs  Altitude,  and  ZZE  5 id.  31™.  the  Latitude :  The  Angle 
ZD  the  Sun  s  Azimuth,  and  Leg  JED  the  Hour  from  Noon* 
found  by  Chapter  5.  Se diion  4.  Cafes  1  and  2.  of  Spheric 
gonometry  Reftangular,  in  pages  135  and  136.  And, 

Sun’s  Azimuth,  the  Proportion  is, 

,  .  e  Radius,  is  to  the  Tangent  of  the  Latitude  ; 

jo  is  the  Tangent  of  the  Sun’s  Altitude,  to  the  Sine 
implement  of  the  Sun’s  Azimuth  from  the  South :  Or 
iS  i 


P  a 


As 
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As  Radius  ••  T.  Leg  ZJE :  ■  T.  c.  Hypot  .ZD  ••  S.  c.  Angle  /EZ 
AsT. Acd.  «•  T.  5 id-  31m.:  :T.2id.  50m.  ••  S.  301!.  i6r 
Which  fubtraa  from - — - 9od-  001 


Remainder  is  the  Sun’s  Azimuth,  South  ■ . 

Eagerly,  that  is  SE.  by  E.  £  E.  is  the  Point  of  the  Compafs  t 

SU2 /to  find  the  Hour,  the  Proportion  by  the  forefaid  Proble 

'•  As’thfsine  Complement  of  the  Latitude,  is  to  the  Radio 
So  is  the  Sine  of  the  Sun's  Altitude,  to  the  Sine  Complemt 

°f  5tsHc?L/gz"®N‘ ;0Rad°sr:':  sic.Hypot.ZD  -  S  c.  Leg  Ml 
As  S.  381!.  29m.  -  S.9od.t  :  S.  «.d.  5om.  "  S.  g.  ♦  * 

Which  fubtraft  from -  dL - - 

Remainder  is  the  Hour  from  Noon - 53d-  18 


59d-  44t 


ST  equal  to  3h.  33m.  nearly,  the  Hour  from  Noo 
therefore  the  Hour  of  the  Day  is  8h.  27m.  in  the  Morning. 

In  the  fame  Reflate  Spheric  Tr, angle  Z  M  D  may  five  Pr 
ilems  more  be  rcfolved,  which  I  leave  or  the  Learner  to  tnve. 
and  fo  pafs  on  to  Olliqu,  Spbmc  Tnangta  in  AJir,mmy. 


eaion  III. 


' ..  .  t  I 

Oblique  Spheric  Triangles ,  applied  in  AJlronor 
Problems ,  ufeful  in  Navigation. 


tN  the  lad  Seaion,  Reftangular  Spheric  Triangles i  were  app  i 

I  to  Problems  of  Ajhonomy  ;  now  in  like  manner  Oblique  Sphe 
Triangles  {hall  be  applied;  both  of  them  being  very  necefli 
and  ufeful  in  Navigation. 


Problem  I.  The  Latitude  of  a  Place ,  the  Sun’s  Declination,  < 
his  Altitude  given  ;  to  find  htb  Azimuth,  and  the  Hour  of 

Day?  c  Latitude - 5  id.  30m.  0 

r  The  Sr.  ,  C  Declination — —  13d.  10m. /Nor 

Example.  The  W,  Ahitude -  Ild.  30m.  ) 

In  the  Oblique  Spheric  Triangle  PZo.  Platt FVr‘ 

is  to  be  noted. 


t  The  Side  ZP  the  Complement  of  the  Latitude.  . 

2!  The  Side  Z  O  the  Complement  of  the  Sun’s  Ahitude. 

•2  The  Side  P  G  the  Sun’s  Dtftance  from  the  Elevated  Pc 
hich  is  the  Declination  added  to  90  Degrees,  when  the  Li 
de  and  Declination  are  of  a  contrary  Name;  but  if  of  c 
sme,  it’s  the  Complement  of  the  Decimation.  .  ; 

*T* 
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he  An2.!e  PZ©  the  Sun's  Azimuth  from  the  North,  in 
latitude  ;  but  from  the  South,  in  South  Latitude, 
he  Angle  ZP©  the  Hour  of  the  Day  from  Noon, 
irojeft  it  Stereographically  on  the  Plane  of  the  Meridian, 
iaving  drawn  the  Primitive  Circle  and  quartered  it,  alfo 
Ae  Axis  PAI,  and  the  Equinoctial  iEAQ_,  and  the  Pa- 
f  Declination  ©  //R^. 

a w  [by  Problem  9.  Cafe  1 ,  of  Spheric  Geometry ,  in  Page 
parallel  Circle,  parallel  to  the  Horizon  SAB,  at  aid. 
tie  Sun’s  Altitude)  diflancefrom  it,  as  a  It,  to  cut  the  pa- 
Declination  in  ©,  the  Place  of  the  Sun  at  that  time, 
hen  through  ©  draw  two  Great  Circles,  one  through 
the  Poles  of  the  Horizon  ;  and  the  other  through 
the  Poles  of  the  Equinoftial  ;  as  are  the  Oblique  Circles 
tnd  P©I;  which  form  the  Oblique  Spheric  Triangle 
nd  ’tis  done. 

;  Angles  PZ©,  and  ZP©,  the  former  the  Sun’s  AzI- 
■e  latter  the  Hour  cf  the  Day  from  Noon,  are  the  two 
quired,  and  are  meafured  by  Problem  8.  Cafe  2.  of 
' eometry ,  in  page  1 1 9.  _ 

Spheric  7'rigonometry,  having  3  Sides  given  ;  that  is, 
30m.  the  Complement  of  the  Latitude,  Z©  7&d-  30m* 
dement  of  the  Sun’s  Altitude,  and  P ©  74^-  S®01, 
lance  from  the  elevated  Pole;  the  Angle  PZ©  the 
muth,  and  ZP©  the  Hour  of  the  Day,  are  found  by 
Section  5.  Problem  11.  Cafe  11.  of  Spheric  Trigo- 
blique ;  in  pages  \\y  and  148,  as  follovyeth. 

|  the  Complement  of  the  Latitude,  Complement  of  the 
tude,  and  the  Sun’s  Diftance  from  the  Elevated  Pole 

sum.  . 

n  half  that  Sum  fubtradi,  (for  finding  the  Sun’s  Azi- 
e  Sun’s  Diftance  from  the  Pole;  hut,  for  finding  the 
>e  Day,  fubtradt  the  Complement  of  the  Sun’s  Airi¬ 
ng  the  half  Sum,  and  the  Remainder, 
n  to  find  the  Sun’s  Azimuth,  it’s  thus  ;  to  the  Com- 
.rithmetic  of  the  Sines  of  the  Complement  of  the  Lati- 
Complement  of  the  Sun’s  Altitude,  add  the  Sines  of 
rid  Half-Sum,  and  Remainder;  Half  the  Total  of  thefe 
rrithms,  is  the  Sine  of  the  Supplement  or  half  the  Sun’s 
from  the  North,  in  North  Latitude;  and  from  the 
,n  South  Latitude. 
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Ch; 


As  Radis,  s  "  T.  Leg  ZJS. :  •  T.  c.  Hypo,  .ZD  •• S.  c.  A„£ 
As  T.ijd.  ••  T.  Si  J-  3'm- :  :  1  ■  2ld-  50m-  "  S-  £ 

Which  fubtrafl  from - ~ — “  j  JL. 

Remainder  is  the  Sun’s  Azimuth,  South  —  r5<i 

Eagerly,  that  is  SE.  by  E.  {  E.  is  the  Point  of  the  Coir, 

S“kS  the  Hoar,  the  Proportion  by  the  forefaid 
Cafe  3.  is, 


l'  AsMe3^  Complement  of  the  Latitude,  is  to  th 
So  is  the  Sine  of  the  Sun’s  Altitude,  to  the  Sine  Coi 

of  the  Hour  from  Noon.  Or  thus ;  - 

As  S.c.  Leg  Z/E  ••  Radius:  =  S-c.Hypot.ZD  •;  S  e.  I. 
As  S.  ^8d.  29m.  ••  S.  90d.  :  :S.  2id.  50m.  S.  3 

Which  fubtract  from - ~  11 

Remainder  is  the  Hour  from  Noon  ■  5 


Remainder  is  tnenuu  . . —  f  - 

Which  is  equal  to  3h.  33m.  nearly,  the  Hour  f re 

therefore  the  Hour  of  the  Day  is  8h.  27m.  J?e  “°' 
In  the  fame  Reflangle  Spheric  I  riangle  Z  JE  D  mi) 
bkms  more  be  rtfolveJ,  whieh  Ileave  or  the  Learner 
and  fo  pafs  on  to  Oblique  Spheric  Tragic,  m  AJtr.mmy. 


Se&’ton  III. 


Oblique  Spheric  Triangles,  applied  in 
Problems ,  ufeful  in  Navigation. 


N  the  lad  Seftion,  Reftangular  Spheric  Triangles  w, 
to  Problems  of  JJlronomy  ;  now  ,n  like  manner  Oblic 
rriangles  (hall  be  applied ;  both  of  them  being  ve  . 
nd  ufeful  in  Navigation. 


'roblem  I.  The  Latitude  of  a  Place,  the  Sun’s  Deck 
his  Altitude  given  ;  to  find  hit  Azimuth,  and  the  1 

Da)  ■  -  Latitude- - - — •  511^*  3°' 

example.  The  } Sun, {  "on--  ; 5d;  £ 

In  the  Oblique  Spheric  Triangle  PZO-  Plate  p 
s  to  be  noted. 


I 

JR  1 


1°  The  SWe  ZP  the  Complement  of  the  Latitude. 

2.  The  Side  Z  O  the  Complement  ot  the  Sun  s  All 
■7  The  Side  P  G  the  Sun’s  Di  dance  from  the  Elevc 
rich  is  the  Declination  added  to  90  Degrees,  when 
and  Declination  are  of  a  contrary  Name,  but 
it’s  the  Complement  of  the  Declination. 
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4.  The  An<»ie  PZ©  the  Sun’s  Azimuth  from  the  North,  in 
North  Latitude  ;  but  from  the  South,  in  South  Latitude. 

5.  The  Angle  ZP©  the  Hour  of  the  Day  from  Noon. 

I'o  project  it  Stereograpbicalfy  on  the  Plane  of  the  Meridian. 

1.  Having  drawn  the  Primitive  Circle  and  quartered  it,  alfo 
!lraw  the  Axis  PAI,  and  the  Equinoctial  iEAQ^,  and  the  Pa- 
allel  of  Declination  0  //R,f. 

2.  Draw  (by  Problem  9.  Cafe  2.  of  Spheric  Geometry,  in  Page 
21.)  a  parallel  Circle,  parallel  to  the  Horizon  SAB,  at  2  id. 
Cm.  (the  Sun’s  Altitude)  diftance  from  it,  as  a  It,  to  cut  the  pa¬ 
rallel  of  Declination  in  ©,  the  Place  of  the  Sun  at  that  time. 

3.  Then  through  O  draw  two  Great  Circles,  one  through 
k  and  N,  the  Poles  of  the  Horizon  ;  and  the  other  through 
’  and  I  the  Poles  of  the  Equino&ial  ;  as  are  the  Oblique  Circles 
;  ©  N  and  P©I;  which  form  the  Oblique  Spheric  Triangle 
ZO,  and  ’tis  done. 

For  the  Angles  PZ©,  and  ZP©,  the  former  the  Sun’s  Azi- 
jruth,  the  latter  the  Hour  of  the  Day  from  Noon,  are  the  two 
lings  required,  and  are  meafured  by  Problem  8.  Cafe  2.  of 
pheric  Geometry,  in  page  1 1 9. 

But  by  Spheric  Trigonometry,  having  3  Sides  given  ;  that  is, 
P  38c].  30m.  the  Complement  of  the  Latitude,  Z©  y8d.  30m. 
|ie  Complement  of  the  Sun’s  Altitude,  and  P©  74-8>  Som’  *f|e 
tin’s  Diftance  from  the  elevated  Pole;  the  Angle  PZ©  the 
m’s  Azimuth,  and  ZP©  the  Hour  of  the  Day,  are  found  by 
hapter  5.  Sedion  5.  Problem  11.  Cafe  11.  of  Spheric  Trigo- 
nnetry  Oblique  ;  in  pages  147  and  1 48,  as  followcth. 

1  Add  the  Complement  of  the  Latitude,  Complement  of  the 
jin’s  Altitude,  and  the  Sun’s  Diftance  from  the  Elevated  Pole 
ito  one  Sum. 

2.  From  half  that  Sum  fubtrad,  (for  finding  the  Sun’s  Azt- 
uth,J  the  Sun’s  Diftance  from  the  Pole;  but,  for  finding  the 
our  of  the  Day,  fubtrad  the  Complement  of  the  Sun’s  Alti- 
ide,  noting  the  half  Sum,  and  the  Remainder. 

3.  Then  to  find  the  Sun’s  Azimuth,  it’s  thus  ;  to  the  Com- 
ement  Arithmetic  of  the  Sines  of  the  Complement  of  the  Lati- 
de,  and  Complement  of  the  Sun’s  Altitude,  add  the  Sines  of 
e  aforefaid  Half-Sum,  and  Remainder  ;  Half  the  Total  of  thefe 
ur  Logarithms,  is  the  Sine  of  the  Supplement  or  half  the  Sun’s 
jzimuth  from  the  North,  in  North  Latitude;  and  from  the 
luth,  in  South  Latitude. 

'v  ■  3 
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But 
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But  to  find  the  Hour  of  the  Day  it’s  thus ;  to  the  Complemen 
Arithmetic  of  the  Sines  of  the  Complement  of  the  Latitude,  anc 
the  Sun’s  Diftance  from  the  Pole,  add  the  Sines  of  the  faid  hal 
Sum,  and  the  Remainder}  Half  the  Total  of  thefe  four  Loga 
rithms,  is  the  Sine  of  the  Supplement  of  Half  the  Hour  fron 
Noon,  all  which  is  fhortened  thus } 


l.  To  find  the  Azimuth,  the  Operation  is; 


SWc  J|p0  fst 

L  P  G  74d-  50m-Vl  j  J  "  c  - 

Sum  is 


I9id.  50m 


half  Sum  fides  95d.  55m.  S. — 9.99768c 
Remainder  2id.  05m.  S.-— 9^55597^ 


half  Sum  is  Q5d.  55m.  Sum  of  the  4  Logarithms  is— 19.76830? 

Remaind.  2id.  osmT! - 49d-  59nr».S.f  Sum  9.884154 

Which  doubled  49  59 


The  double  is 
Subtradb  from 


-  99 
180 


58 

00 


“Which 


Remainder  is  the  Sun’s  Azimuth  80  02  from  the  North. 


Or  by  Gunter’s  Scale. 


As  Radius  ••  S.c.Latitude,  :  :  S.  c.  O  Altitude  ••  a  4th  Sine. 

AsS.  god. --S.  38d.  30m.  :  :  S.  78d.  30m.  --S.  37d.  35m. 

Then  again, 

As  the  4th  Sine  ••  S.  §  Sum  fides :  :  S.  Remainder  ••  a  5th  Sine. 
AsS.  37d.  35m.  ••  S.  95d-  55™.  :  :  S.  2id.  05m.  ••  S.  33d.  55m. 

Againft  which,  on  the  Line  of  Verfed  Sines  is  8od.  02m, 
the  Sun’s  Azimuth  from  the  North,  Eafterly  if  in  the  Morning, 
and  from  the  North,  Wefterly  if  in  the  Afternoon;  that  is,  the 
Sun  is  near  the  E.  by  N.  Point  of  the  Compafs  in  the  Morning; 
and  near  the  W.  by  N.  Point  in  the  Afternoon. 
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de 


2  To  find  the  Hour  of  the  Day,  the  Operation  is, 

ZP  3 fid-  30m.  iContaini  SiJes  }  S.  c.  a,  0.205850 
©p  74-d.  50m.  )  0  7  S.  C.  ar.— 0.015397 

Z©  7^d.  30m.  I  half  Sum  Sides  93d.  55m.  S. — 9.997680 

Remainder  1  yd.  25m 


x.  » 

\\ 

Lz 


im  is  igid.  50m. 
.If  Sum  is  93d.  55m 
emaind.  iyd.  25m 


Which  doubled - 


S.— 9.476133 
Sum  of  the  4  Logarithms  is  19.695060 
-44.45  S.  half  Sum-*9. 847530 
-44-45 


The  double  is  - 89.30  Which 

fubtrad  from— - 180.00  h.  m. 


em.istheHour  from  Noon  -  90*30  equal  to  6  :  02. 

Or  by  Gunter’s-Scale. 

s  Radius  ••  S.c.  Latitude  :  :  S.  ©  Dift.  from  Pole  ••a  4th  Sine. 

3,  S.  9t)d.  ••  S  3^d.  30m.:  :  S.  74d.  50m.  **S.  36d.  56m. 

Then  again,  „ 

3  the  4th  Sine  S.  £  Sum  Tides  :  :  S.  Remainder  ••  a  5th  Sine. 

|;S.  3&d  56m.  ••  S.  95d.  55m.:  :  S.  1 7d.  25m.  **S.  29d,  42m. 
Againft  which,  on  the  Line  of  Verfed  Sines,  is  90d.  30m. 
6h.  2m.  the  Hour  from  Noon ;  that  is,  58m.  after  5  in  the 
'orning,  or  2m.  after  6  in  the  Afternoon. 

In  the  fame  Oblique  Spheric  Triangle  ZPO  ,  ( Plate  7.  Fig.  2.) 
ay  the  nine  Problems  next  following  be  refolved. 

Problem  II.  The  Latitude  of  a  Place,  the  Sun’s  Altitude,  and 
iimutb  given  \  to  find  his  Declination,  and  the  Hour  of  the  Day. 
jcamp.  In  Latitude  5id.  32m.  the  Sun  being  49d.  40m.  above  the 
\  Horizon,  his  Azimuth  was  obferved  to  be  North  1 1  gd.  44m, 
Eajberly,  1  demand  the  Hour  of  the  Day ,  and  the  Sun’s  Decl. 
Anfwer.  The  Hour  of  the  Day  is  29m.  after  9,  and  the 
leclination  of  the  Sun  23d.  28m.  North. 

In  this  Problem  are  two  Sides,  and  one  Angle  between  them 
iven  ;  that  is,  ZP  38c! .  28m.  the  Complement  of  the  Latitude, 
0  4od.  20m.  the  Complement  of  the  Sun’s  Altitude,  and  PZq 
tgd.  44m.  his  Azimuth;  which  Triangle  is  made  by  Prob.  18. 

'  Spheric  Trigonometry  Geometric,  in  pages  1 29  and  130.  and  is 
folved  by  Problem  9.  Cafes  7  and  8.  of  Spheric  Trigonometry 
blique,  in  pages  J44  and  145. 

rob.  III.  The  Latitude  of  a  Place,  the  Sun’s  Declination  and 
Azimuth  given  ;  to  find  his  Altitude,  and  Hour  of  the  Day  f 
ixample.  In  Latitude  13d.  10m.  North ,  the  Suns  Declination 
being  gd.  27m.  S.  and  his  Azimuth  N.  I20d.  30m.  Wejlerly. 
1  demand  the  Hour  of  the  Day,  and  his  Altitude? 

Anfwer.  The  Hour  of  the  Day  is  2h.  24m.  in  the  Afternoon, 
nd  the  Sun’s  Altitude  is  47d.  43m. 

P  4 


Here 
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Here  are  two  Side-',  and  cne  Angle  oppofite  given  ;  that  is,  • 
Z  P  7  6d .  50m.  the  Complement  of  the  J^atiti  de ;  P  Q\  ggd,  1 
27m.  the  Sun’s  Diftance  from  the  Elevated  Pole,  and  P  Z  Q 
i2Cd.  30m.  his  Azimuth;  which  Triangle  is  made  by  Problem  i 
16.  of  Spheric  Trigonometry  Geometric ,  in  pages  128  and  129,  ] 
And  refolved  by  Probelm  7.  Cafes  2  and  3.  of  Spheric  Trigone-  j 
vie  try  Oblique,  in  Pages  142  and  143.  I 

Problem  IV.  The  Latitude  of  a  Place,  Sun’s  Altitude,  and  thej 
Hour  of  the  Day  given ;  to  find  the  Sun’s  Azimuth,  and  his 
Declination.  - 

Example.  In  Latitude  3od.  51m.  South,  at  15m,  paft  3  in  the; 
Afternoon,  the  Sun’s  Altitude  being  4id,  10m.  I  demand  the ,  j 
Sun’s  Azimuth,  and  Declination  ?  -I 

Anfyjer.  The  Sun’s  Azimuth  is  South  I02d.  4m.  Wefterly,  1 
and  his  Declination  rid.  40m.  South.  '  I 

Here  are  two  Sides,  and  one  Angle  oppofite  given. 

That  is,  ZP  59d.  09m.  the  Complement  of  the  Latitude  5  }J 
Z  O  48d.  50m.  the  Complement  of  the  Sun’s  Altitude,  and 
ZP©  4Sd.  45m.  Or  3b.  15m  the  Hour  of  the  Day  from 
Noon;  and  therefore  projected,  and  refolved  like  Problem  3. 
aforefaid,  in  Page  231.  » 

Problem  V.  The  Latitude  of  a  Place,  the  Sun’s  Declination,  and; 

Hour  of  the  Day  given  ;  to  find  his  Azmuth  and  Altitude? 
Example.  The  Latitude  2od.  11m.  North,  the  Sun’s  Declination 
23d-  20m.  South,  at  9d.  24m.  in  the  Morning:  I  demand 
the  Sun’s  Azimuth,  and  what  is  his  Altitude  ? 

Anfvuer.  The  Sun’s  Azimuth  is  South  44d,  13m.  Eaft,  and 
his  Altitude  is  34d.  08m. 

Here  are  two  Sides  and  one  Angle  between  them  given ; 
That  is,  ZP  6gd.  49m.  the  Complement  of  the  Latitude; 
P  O  113d.  29m.  the  Sun’s  Diftance  from  the  Elevated  Pole,  and 
ZP  0  39d.  or  2h.  36m.  the  Hour  of  the  Day  from  Noon, 
which  is  wrought  as  before  in  Problem  2.  in  Page  231. 

Problem  IV. The  Latitude  of  a  Place,  the  Sun’s  Azimuth,  and  Hour 
of  the  Day  given  ;  to  find  the  Sun’s  Declination  and  Altitude. 
Example.  In  Latitude  13d.  iom.  Norih,  the  Sun’s  Azimuth 
being  obferved  at  24m.  after  2,  to  be  South  5gd.  30m.  Weft, 

I  demand  the  Sun’s  Declination,  and  his  Altitude  ? 

Anfwer.  The  Sun’s  Declination  is  gd.  27m.  South,  and  hiscj 
Altitude  at  the  fame  time  is  47d.  43m. 

Here  are  two  Angles,  and  one  Side  between  them  given  ; 
That  is,  ZP  76d.  50m.  the  Complement  of  the  Latitude  ;  PZ0i 
J2cd.  30m.  the  Sun’s  Azimuth,  and  Z  P  ©  36d.  or  2h.  24m. 
the  Hour  of  the  Day  from  Noon ;  for  the  making  of  this 
7'mngle,  fee  Problem  19.  pf  Spheric  Trigonometry  Geometric , 

ji) 
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i)  page  130.  And  is  refolved  by  Problem  10.  Cafe  9.  of  Spbiric 
Trigonomoiry  Oblique,  in  pages  146. 

Problem  VH.  The  Sun’s  Altitude,  Declination  and  his  Azimuth 
given;  to  find  the  Latitude,  and  Hour  of  the  Day. 

'Example.  The  Sun’s  Altitude  being  obferved  to  be  38^ .  20m. 
Oriental,  his  Azimuth  at  the  fame  time  was  1 07 d.  icm.  from 
the  North,  and  his  Declination  lQd.  40m.  N.  1  demand  the  La¬ 
titude  of  the  Place  of  Obfervation,  and  the  Hour  ot  the  Day  ? 
Anfwer.  The  Latitude  of  the  Place  is  5  id.  30m.  North,  and 
;he  Hour  of  the  Day  is  30m.  after  8  in  the  Morning. 

Here  are  two  Sides,  and  one  Angle  oppofite  given  ;  that  is  Zo 
jid.  40m.  the  Complement  of  the  Sun’s  Altitude;  P©  70d. 
;2om.  his  Diftance  from  the  Elevated  Hole,  PZo  ioyd.  10m. 
his  Azimuth  from  the  North,  which  Triangle  is  made  and 
wrought  as  before,  in  Problem  3.  of  this  Section,  in  page  232. 
problem  VIII.  The  Sun’s  Altitude,  his  Declination,  and  Hour 
of  the  Day  given  ;  to  find  his  is  Azimuth,  and  the  Latitude. 
Example.  At  5I-1.  42m.  in  the  Morning,  obferving  the  Sun  1 2d. 
30m.  above  the  Horizon,  and  his  Declination  being  igd.  40m. 
North:  I  demand  the  Latitude  of  the  Place,  and  the  Sun’s 
Azimuth  ? 

Anfwer.  The  Latitude  is  51c!.  32m.  North,  and  the  Sun’s 
Azimuth  North  74c!.  05m.  Eafterly,  or  ENE.  half  E.  almoft. 

Here  are  two  Sides,  and  one  Angle  oppofite  given  ;  that  is, 
Z  o  7yd.  30m.  the  Complement  of  the  Sun’s  Altitude  ;  P  o 
7od.  20m.  his  Dillance  from  the  Elevated  Pole,  and  ZP  O 
9yd.  30m.  or  6h.  18m.  the  Hour  of  the  Day,  from  Noon  ;  w'hich 
Triangle  is  made  and  wrought  as  before  in  Problem.  3.  of  this 
Sc&ion,  in  page  232. 

Problem  IX.  The  Sun’s  Altitude,  his  Azimuth,  and  the  Hour  of 
the  Day  given  ;  to  find  the  Sun’s  Declination,  and  the  Lati¬ 
tude  of  the  Place  ? 

Example.  Obferving  the  Sun  1 2d.  30m.  above  the  Horizon  at 
1 8m.  paft  6  a  Clock  Afternoon,  and  his  Azimuth  74d.  from  the 
North  :  I  demand  the  Latitude  and  the  Sun’s  Declination  l 
Anfwer.  Latitude  5 id.  30m.  North,  and  Sun’s  Declination 
js  1  gd .  4cm.  North. 

Here  are  tw-o  Angles  and  one  Side  oppofite  given  ;  that  is, 
Z  O  77T  3cm.  the  Complement  of  the  Sun’s  Altitude;  PZ©, 
74d.  the  Sun’s  Azimuth  from  the  North,  and  ZP  ©  94d.  30m. 
or  6h.  18m.  the  Hour  from  Noon;  whicn  Triangle  is  made  by 
Problem  17.  of  Spheric  Trigonometry  Geometric,  and  is  refolved  by 
Problem  8.  Cafes  4  and  5.  of  Spheric  Trigonometry  Oblique ,  in 
pages  143  and  144.  Problem 


234  Agronomic  Problems.  Chap.  IX. 

I 

Problem  X.  The  Sun’s  Declination,  his  Azimuth,  and  Hour  of  I 
the  Day  given ;  to  find  his  Altitude  and  the  Latitude  of  the 
Place.  '  *  I 

Example.  The  Sun’s'  Declination  xgd.  40m.  N.  and  at  28m. 
palt  81  of  the  Clock  in  the  Morning  his  Azimuth  was  obferved  : 
to  be  I07d.  50m.  from  the  North,  I  demand  the  Latitude  of  j 
the  Place  of  Obfervation,  and  what  was  the  Sun’s  Altitude  ? 
Anfwer.  The  Latitude  is  5id.  30m.  North,  and  the  Sun’s  - 
Altitude  is  3§d.  18m. 

Here  are  two  Angles  and  one  Side  oppofite  given,  as  before,  j 
in  the  laft  Problem:  That  is,  P©  7 od.  20m.  the  Sun’s  Di- 
ftance  from  the  elevated  Pole,  PZO  ioyd.  50m.  his  Azimuth  , 
from  the  North,  and  ZPO  52d.  Or  3I1.  28m.  the  Hour  of  the 
Day  from  Noon ;  which  Triangle  is  made  and  wrought  by  Pro¬ 
blem  9.  the  lalt  foregoing. 

Prob.  XI.  The  Latitude  and  Longitude  of  a  Star,  and  then 
Obliquity  of  the  Ecliptic  given,  to  find  the  Right  Afcenfion,  ,1 
and  the  Declination  of  that  Star  ? 

Definition  1.  Latitude  of  a  Star,  is  an  Arc  of  a  Circle  of  £ 
Longitude,  contained  between  the  Star’s  Center  and  the  Ecliptic,  ft 

2.  Longitude  of  a  Star,  is  an  Arc  of  the  Ecliptic,  contained  (j 
between  the  Beginning  of  Aries,  and  that  Circle  of  Longitude 
which  paffeth  over  the  Star’s  Center,  and  counted  according  to 
the  Succellion  of  the  Signs. 


Example. 

Capella ,  or  the  Goat ,  the  j  Longitude* 


-  2 2d,  52m.  North. 

—  i8d,  02m.  in  ir. 
Plate  7.  Fig. 


is 


In  the  Oblique  Spheric  Triangle  PKD 
to  be  noted. 

PK  the  Difiance  of  the  Pole  of  the  Ecliptic  from  the  Pole 


of  the  World,  equal  to  the  Ecliptic’s  Obliquity  23d.  29m. 

2.  KD  the  Complement  of  the  Star’s  Latitude,  or  its  Di- 
Ilance  from  one  Pole  of  the  Ecliptic. 

3.  PD  the  Complement  of  the  Star’s  Declination,  or  its  Di- 
ftance  from  the  correfponding  Pole  of  the  World. 

4.  PKD  the  Star’s  Longitude  from  S;,  if  the  Star’s  Latitude 
be  North,  but  from  VS,  if  it  be  South  ;  that  is,  from  g>,  if  the 
Ecliptic’s  North  Pole  be  one  Angle ;  but  from  VS  if  its  South  Pole 
be  one  Angle  of  the  Triangle. 

3.  KPD  the  Star’s  Right  Afcenfion  from  v$,  if  its  Latitude  be 
North  ;  but  from  Go,  if  its  Latitude  be  South:  That  is,  if  the 
Ecliptics  North  Pole  be  one  Angle,  &c.  as  before  in  Note  the 
4th-  1  Here 
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are  two  Sides,  and  one  Angle  between  them 
is,  PK  23d.  29m.  the  Diftance  of  the  North  Poles  of  the 


given* 


Here 
That 

Equinodlial  and  Ecliptic,  KD  6yd.  08m.  the  Complement  of 
the  Star’s  Latitude,  and  PKD  nd.  58m.  the  Star’s  Longitude 
from  (wanting  of)  Cancer ;  which  Triangle  is  made  by  Problem 


18.  of  Spheric  Trigonometry  Geometric ,  Chapter  5. 
pages  129  and  130.  And  by  Problem  9.  Cafes 
pages  144  and  145.  the  Proportions  are  as  follows, 
Firjl ,  To  find  the  Star’s  Right  Afcenfion, 

As  S.  half  Sum  of  the  Sides  PK  and  KD - 

Is  to  S.  half  their  Difference 


Section  5. 
7  and  8, 


50  is  T.c.  of  half  the  Angle  PKD 


U  As  S.c.  half  Sum  of  the  Sides  KD  and  KP 
Is  to  S.c.  half  Difference 


So  is  T.c.  of  half  the  Angle  PKD  — — - 

To  T.  half  Sum  of  the  Angles  DPK  and  PDK  ■ 
Jnto  which  add  their  half  Difference  before  found  ■ 
And  it  giveth  the  Angle  KPD 
From  which  fubtraft  A  Q_- 
Remainder  i's  AM  the  Star’s  Right  Afcenfion  - 
from  the  Beginning  of  Aries. 

Secondly ,  For  the  Star’s  Declination, 

\s  S.  KPD  Star’s  Right  Afcenfion  from  Capricorn 
Is  to  S.  KD  the  Complement  of  its  Latitude  - 
j!o  is  S.  PKD  its  Longitude  from  Cancer 
To  S.  PD  the  Complement  of  the  Star’s  De 
Wherefore  the  Star’s  Declination  is  North 


’roblem  XII.  The  Right  Afcenfion  of  the  Sun ,  and  Right  Afcen¬ 
fion  of  a  Star  given ;  to  find  the  Time  of  the  Star’s  coming  to , 
or  upon  the  Meridian. 

A 

The  Rule.  Subtract  the  Sun’s  Right  Afcenfion  from  the  Star’s 
light  Afcenfion,  the  Remainder  reduced  into  Time,  is  the 
Time  of  the  Star’s  coming  upon,  or  to  the  Meridian,  Afternoon. 

Note ;  If  you  cannot  fubtradl,  add  360  Degrees  to  the  Star’s 
light  Afcenfion,  and  then  fubtraft. 

Example.  The  $th  of  Odlober  1756;  I  demand  at  what  time 
Aldebaran  or  the  Bull’s  Eye,  cometh  to  the  Meridian? 

TU 
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The 


1 6th  of  October,  the  Sun's  Declination  is 

La  hjcle  j  cyA!cJebaran  is  | 

,  Longitude  5  J  {  — - •— 


d. 

9 

5 

5 


m. 

9 

3° 

58 


S.  increaf. 
South, 
in  Gemini. 


And  therefore  you  may  find  that 

the  \  ££/ \RisttJfc.  O 

Then  add  36od.  to  63d.  15m.  tlie  Star’s  R'ght  Afcenfion, 
and  it  is  423d.  1510.  from  which  fubtradt  20id.  1501.  the  Sun’s 
Right  Afcenllon,  the  Remainder  is  22+d.  00m.  which  maketh 
14b.  36m.  the  Star’s  coming  to  the  Meridian  after  Noon,  that 
is  56m.  after  Two  in  the  Morning. 

And  thus  having  found  the  Right  Afcenfion,  Declination,  and 
Time  of  any  Star’s  coming  upon  the  Meridian,  you  may  by 
Problem  4.  Section  2.  of  this  Chapter,  find  its  Amplitude,  and 
Afcenfional  Difference,  and  thereby  its  Riling  and  Setting;  its 
Diftance  from  the  Meridian  at  any  Altitude  obferved  by,  by  Pro¬ 
blem  1.  Sedlion  3.  of  this  Chapter,  in  page  229,  and  fo  the 
Hour  of  the  Night  thereby  ;  all  which  I  leave  for  the  Exercife  of 
thofe  that  are  learning  thefe  Things. 

Section  IV.  The  Doffrine  of  the  Sphere,  or  Spheric  Trigono¬ 
metry,  applied  in  fundry  Aftronomic  Problems,  ufiful  in  Na¬ 
vigation,  according  to  the  Pythagorean  Syilem. 


T  H  E  Pythagorean  Syfiem  of  the  Worlds  lately  revived  by 
A  Copernicus ,  is  now  generally  received  by  the  mod,  and 
beft  Altronomers  ;  it  being  indeed  raoft  agreeable  to  the  Motion 
of  the  Heavenly  Bodies,  confirmed  by  Experience  in  the  con- 
Ifant  Obfervation  of  them,  in  which  are  thefe  Fundamental  Prin¬ 
ciples. 

1.  That  the  Earth  is  carried  round  the  Sun  in  a  large  Orb,  or 
Path,  betwixt  the  Orbs  of  the  Planets  Mars  and  Venus ,  once  in 
a  Year. 

2.  That  befides  this  Annual  Motion,  the  Earth  turns  round 
her  own  Axis  once  in  24  Hours. 

3.  And  that  the  faid  Axis  of  the  Earth,  is  inclined  to  the 
Plane  of  her  Orb  at  the  fame  Angle,  and  keeps  in  all  Parts  of  it, 
nearly  parallel  to  itfelf. 

On  thefe  Aflertions,  but  chiefly  the  Second,  to  wit,  the 
Diurnal  Motion  of  the  Earth  about  its  own  Axis,  once  in  24 
Hours,  ■whereby  all  the  vifible  Appearances  of  the  Sun,  and 

Fixed  1 
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Fixed  Stars  are  folvrd,  I  fhall  at  prefent  confine  my  Difcourfe 
and  on  ihefe  the  following  Problems  are  grounded. 

In  order  to  a  right  underftanding  thereof,  I  will  defcribe  the 
Circles  of  the  Sphere,  and  how  they  are  drawn  in  the  Stereogra¬ 
phic  Projection ,  on  the  Plane  of  .the  Earth’s  Ecliptic,  before  I 
1  fhew  how  to  calculate  any  of  its  Requifites. 

Note,  In  the  following  Defcription,  I  make  ufe  (for  the  rooft 
I  part)  of  the  fame  Letters  for  the  fame  Things,  as  before  in  the 
Ptolemaic  Projection,  treated  of  in  this  Chapter. 

The  Defcription  of  the  Circles  of  the  Sphere  (as  grounded  on 
the  antient  Pythagorean,  or  Copernic  Syftem  of  the  World,)  are 
!,  as  follow. 

1.  The  Sun  illuminateth  one  half  of  the  Body  of  the  Earth 
continually  ;  a£  reprefented  by  Plate  8.  Figures  I  and  2, 
wherein  the  Lines  HIvS,  or  HLS,  which  determine  the  Illumi¬ 
nate  part  of  the  Earth’s  Dilk  A  G  S,  from  the  obfeure  H  DS; 
the  laid  HKS  or  HLS,  is  called  the  Horizon  of  the  Earth’s 
Difk. 

2.  The  Primitive  Circle  T  %  —  XP  V,  is  the  Earth’s 
Ecliptic  ;  which  ever  lieth  in  the  Plane  of  the  Ecliptic  in  the 
Heavens.  . 

The  Poles  of  the  Ecliptic  are  K  and  L;  the  firft  is  the  North 
Pole  of  the  Ecliptic,  on  the  Earth’s  Globe,  and  the  latter  the 
South  Pole  thereof. 

The  Poles  of  the  Earth’s  Globe  are  P  and  I ;  the  firft  its 
North,  and  the  latter  its  South  Pole  :  Each  being  23d.  29m. 
from  its  correfpondent  Pole  of  the  Ecliptic  ;  that  is  KP,  equal  to 
LI,  is  equal  to  23d.  29m.  on  the  Scale  of  Half-Tangents,  and 
is  called  the  Line  of  Dire&ion  of  the  Earth’s  Axis. 

3.  The  Equinoctial  in  the  Heavens,  or  the  Equator  on  the 
Earth,  is  reprefented  by  the  Oblique  Circle  T  Q_— ,  or 
y  -CE  — ,  of  which  P  and  I  are  the  Poles,  and  they  are  drawn 
with  the  Secant  of  23d.  29m.  according  to  Problem  2.  Cafe  2. 
of  Spheric  Geometry,  in  Pages  1 12  and  113. 

4.  All  Meridians  pafs  through  the  Poles  of  the  Earth’s 
Globe;  as  here  TP^;,  or  y  1:2:,  are  Meridians,  and  drawn 

,  with  the  Secant  of  66d.  31m.  tjie  Complement  of  23d.  29m. 
as  before.  £ 

y  P  or  Tl^;,  is  called  the  Firft  Meridian;  and  the 
Meridian  %  PK  VS,  or  %  LI\>  is  the  Earth’s  Solftitial  Colure: 
i  For  whenever  the  direCt  Rays  of  the  Sun  run  parallel  to  this 
!  Meridian,  (and  that  is,  when  the  Sun  appears  from  the  Earth, 
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to  be  either  in  ©  or  vs)  then  the  longeft  and  fliorteft  Days  are  i 
made  in  all  Places  on  the  Globe  of  the  Earth.  '  j 

The  Earth’s  Equino&ial  Colure,  is  y  K  or  T  L  ~  f0l 
whenever  the  Central  Rays  of  the  Sun  run  parallel  to  it  the 
Days  and  Nights  are  equal  in  all  Places.  Or,  according  to’  the, 
Ptolomic  Syftern ,  the  Meridian  V  P  and  via,  is  the  Equi¬ 
noctial  Colure,  tho’  here  we  call  it  the  firft:  Meridian. 

5.  Circles  of  Longitude,  pafs  thro’  the  Poles  of  the  Eclintir 
and  in  this  Projeftion,  are  Right  Circles;  therefore  are  rieht 
Lines,  as  r  K  a,  25  K  VS,  pKD,  &e.  6 

Wherefore  the  Point  in  the  Earth’s  Periphery,  oppofite  to  the: 
bun,  or  to  a  Star,  or  lying  in  a  right  or  ftreight  Line  produced 
from  k  or  L,  thro  the  Center  of  the  Sun,  or  any  Star  is  called 
the  Sun  s  or  Star  s  place  in  the  Ecliptic. 

Nowhfoiloweth,he  G'eat  C;rCl“  1>el°nginS  *°  this  Proj'«ion : 

'  j 

The  Defcriptlon  of  the  Parallels  or  Lefs  Circles , 

6  Parallels  of  Declination,  are  here  parallel  to  an  Oblique 
Cl£'c;  <he  Equinodial  T  Q_a,  and  y  bE  a,  being  fuch  ^ 
The  Tropic  s  are  two  parallels  of  Declination,  diftant  from 
the  Equinodial l  23d.  29m  or  66d.  31m.  from  each  Pole  of  the 
Vorld  ;  as  25  fgf®,  and  VS ;  h  1  h  VS ;  the  firft  is  the  Tropic  of 
Cancer,  tne  latter  is  the  1  ropic  of  Capricorn. 

Thefe  Tropics  are  thus  drawn  ;  from  the  Scale  of  Half-Tan* 
gents  lay  on  the  Sohftitial  Colure  46a.  58m.  (the  double  of  2?d 
29m.)  from  VS  to  g,  or  from  ©  to  i.  Or  thus;  lay  the  Half- 

Tangent  of  43d.  02m.  (the  Complement  of  46d.  c8m.)  from 
K  to  g,  or  from  L  to  i :  Then  the  middle  between  ©  and  g  ;  or 
between  VS  and  ,,  1S  the  Center  of  thefe  Tropics  S  ’ 

froIhrehPFat' CiSh  tW°  ParalIels  declination,  diftant 

-of  ^p  WK^mR?-ia  66 tA  3lm’  or23d-  29m.  from  each  Pole 
of  the  \\  orld  as  jv  n  o  n  k,  and  L  p  r  p  L  :  the  firft  is  the  Artie 
the  other  the  Antartic  Circle.  me  nnt  is  tne  Artie, 

They  are  thus  drawn,  on  the  Solftitial  Colure,  lay  the  Half- 
Tangent  of  46b.  58m.  (the  double  of  23d.  29m.)  from  K  too, 
or  rom  L  to  r ;  then  the  middle  between  K  and  o,  or  between 
L  and  r,  is  the  Center  of  thofe  Polar  Circles. 

thi7'pParAdS  °f  La|hlde’  with  refPe<3  to  the  Heavens,  are  in 
Fr  i  P.  jea‘on’  Parall,el  to  the  primitive  Circle,  which  here  is  the 

of  Latimde!  3ny  ClfC  2  dnmi  0n  K  or  L  as  a  Center,  is  a  parallel 

All  thefe  Circles  are  General,  as  belonging  to  this  Pro¬ 
jection 
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jjection,  without  having  regard  to  the  Latitude  of  any  particular 
iPlace  on  the  Globe  of  the  Earth.  The  Defcription  of  the  Me¬ 
ridians  or  Hour  Circles,  Azimuths  and  Parallels  of  Latitude;  alfo 
how  to  draw  them,  (thefe  being  peculiar  to  a  particular  Latitude) 
you  fhall  have  in  their  proper  Place,  as  they  come  in  Ufe  in  the 
following  Problems. 

Problem  I.  The  Sun’s  Place  in  the  Ecliptic  given ;  to  find  his 
Dijlance  from  the  North  or  South  Pole  of  the  Globe  ;  his  Ri ght 
Afcenfion  ;  and  the  Angle  which  the  Meridian  pajfing  through  it , 
makes  with  the  Ecliptic. 

Example.  The  Sun’s  Place  being  in  the  Beginning  of  Gemini,  or 
60  Degrees  from  the  firjl  Point  of  Aries  ;  I  demand  his  Dijlance 
from  the  Pole ,  &c.  ? 

1.  To  do  this,  lay  the  Sun’s  Longitude  6od.  on  the  Primitive 
Circle,  from  y  to  O . 

2.  Through  O  and  P,  or  O  and  I,  draw  a  Great  Circle 
£)PD,  or  GlD,  which  is  the  proper  Meridian,  to  the  Place  of 
!he  Sun. 

3.  Then,  between  the  proper  Meridian,  the  Ecliptic,  and  the 
Solftitial  Colure,  there  is  formed  a  Redtangle  Spheric  Triangle, 
laving  its  Legs  given  ;  to  find  the  Hypotenufe,  and  two  Angles ; 
That  is, 

In  the  Redtangle  Spheric  Triangle  P®  Q,  orI<SO,  Plate  8. 
7igures  1  and  2. 

1.  The  Leg  O  25,  is  the  Complement  of  the  Sun’s  Longitude 
*om  T,  or  his  Diftance  from  2>,  3<od. 

2.  The  Leg  25  P,  or  $  I,  the  Diftance  of  the  Pole  of  the 
ilobe  from  the  Ecliptic  ;  or  the  Complement  of  the  Diftance  of 
le  Poles  of  the  Globe  and  Ecliptic  66d.  31m. 

3.  The  Hypotenufe  P  O,  or  I  0,  the  Sun’s  Diftance  from 
fie  North,  or  South  Pole  of  the  Globe. 

4.  The  Angle  $P0,  or  $  I  0,  the  Complement  of  the 
un’s  Right  Afcenfion,  from  the  nearedt  Equinoctial  Point. 

5.  The  Angle  P  O  or  I  Q  <£,  the  Angle  of  the  proper 
leridian  with  the  Ecliptic. 

1.  For  the  Sun’s  Diftance  from  the  Pole,  the  Proportion  by 
hapter  5.  Section  4.  Problem  5.  Cafe  14.  of  Spheric  Trigo- 
mietry  Rectangular,  in  Pages  139  and  140,  is  thus, 

.3  Radius  ••  S.c.LegSO  :  :  S.c.  Leg  5BP-  -  S.  c.  Hypotenufe  Po. 
i.s  S.  9od.  ••  S.  60  deg.  :  :  S.  23d.  29m.  ••  S.  2od.  11m.  the 
efledtion.  That  is. 

As  the  Radius,  is  to  the  Sine  of  the  Sun’s  Longitude  from  the 
quinodtial  Point  T. 


So 
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So  is  the  Sine  of  the  two  Poles  Diftance,  to  the  Sine  Complej 
ment  of  the  Sun’s  Diitance  from  the  neareft  Pole  of  theGlobe; 
or  to  the  Sine  of  P  B,  or  IB,  the  Refit-ctioo,  which  is  equal  t 
to  the  Sun’s  Declination  in  the  Ptoloinaic  Syjlem :  In  this  Cat 
2od.  x  1  m.  North. 

2.  For  the  Sun’s  Right  Afcenfion,  the  Proportion  is,  [ 

As  Radius  ••  S.  LegP  <5,  :  :  T.  c.  Leg  G  <5>  ■■  T.  c.  Angle  <£  P  O, 
As  S.  qod.  --S.66d.31m. :  :  T.  6od.  --  T.  5yd.  5cm.  Sun’s  Rigfr 
Afcenfion.  That  is. 

As  the  Radius,  is  to  the  Sine  Complement  of  the  two  Pole! 
Difiaoce;  J 

So  is  the  Tangent  of  the  Sun’s  Longitude,  from  the  nearef 
Equinox,  to  the  Tangent  of  his  Right  Afcenfion  from  the  fail 
F.quinox.  "  t 

3.  For  the  Angle  of  the  proper  Meridian  with  the  Ecliptkj( 

the  Proportion  i«,  *  4 

As  Radius  ••  S.Lcg  5  0’:  T.c.  Leg  £5;  P  ••  T.c.  Angle  P  ©  <E\ 
As  S.  god.  ••  S.  3od.  :  :  T.  23d.  29m. -T.  i2d.  15  m.  , 

Which  fubtraiR  from - •  god.  20m.  jj 

~  .  '  t 

The  Remainder  being  - - - - —  rjd.  45m.  is  th 

Angle  of  the  Meridian  and  the  Ecliptic. 

In  the  fame  Rectangle  Spheric  Triangle,  may  Problem  2  an 
3.  of  Section  2.  of  this  Chapter  be  refolved,  which  I  pal’s  over. 

Prob.  IT.  The  Latitude  of  a  Place  on  the  Globe  of  the  Eartl 
and  the  Sun’s  Place  in  the  Ecliptic  given  ;  to  find  his  Ampli< 
tude  and  Afcenfional  Difference,  and  confequently  his  Rilin' 
and  Setting.  : 

Example.  The  Latitude  51c!.  32m.  North,  Sun’s  Place  ood.  i 
Gemini  given  ;  what’s  the  Sun’s  Amplitude,  and  Afcenfion; 
Difference  ? 

1.  To  do  this,  after  you  have  done  what  was  directed  i 
Problem  1.  Then  get  the  Sum  and  Difference  of  the  Latitude 
Complement,  and  the  Difiance  of  the  two  Poles,  that  is,  tb 
Sum,  and  Difference  of  38d.  28m.  and  23d.  29m.  the  firft 
6id.  57m.  and  the  latter  is  i.-pd.  59m. 

2.  Then  make  K i,  or  L  t  equal  to  the  Half  Tangent  of  6 1 
57m.  andalfo/G/r,  orZwz  equal  to  I4d.  59m.  from  the  fame  Seal 

3.  The  middle  between  m  and  t ,  is  the  Center  of  the  Circ 
abcztdehm ,  which  is  the  parallel  of  Latitude  for  5 id.  32q< 
and  in  this  Proje&ion,  it’s  the  Line  deferibed  by  London ,  as  tl 
Earth  runs  round,  and  from  thence  is  called  the  Path  of  the  Verte: 

Ar. 
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And  if  you  conceive  the  Colures,  all  the  Meridians,  the  Path, 
of  any  Vertex,  and  indeed  all  the  Lines  and  Circles  that  are,  or 
fhall  hereafter  be  defcribed,  as  a  fixed  Rete ,  clofely  invefting  the 
Earth,  while  fhe  turns  round  within  it,  whofe  Motion  about  its 
Axis  being  from  Weft  to  Eaft ;  then  the  Sun  is  faid  to  Rife,  when 
the  Vertex  pafleth  that  Point  in  that  Path  where  it  cuts  the  Hori¬ 
zon  of  the  Earth’s  Diflc,  which  is  here  at  rz  5  To  culminate  or  to 
be  on  the  M  ridian,  where  it  crofleth  the  proper  Meridian  betwixt 
him  and  the  Pole,  which  here  is  at  %  ;  and  to  Set  where  the  Ver¬ 
tex  pafleth  the  other  Interfedfion  of  the  Path  and  Horizon,  as  here 
at  h. 

4.  Thro’  a  and  ©,  draw  a  Great  Circle,  as  alfo  thro’  a  and  P, 
To  have  you  two  Triangles,  on  the  Eaft-fide  of  the  Meridian  ;  to 
wit,  P  <7,  and  P  B  a  3  in  like  Manner  if  you  draw  Great  Circles 
ithro’  P  and  h  ;  and  thro’  Q  and  h  ;  they  will  form  two  Triangles 
bn  the  Weft,  or  defcending  Side  of  the  Meridian:  But  any  of 
thefe  four  Triangles  may  ferve  to  anfwer  the  Problem,  and  there- 
'ore  I  take  one  Triangle  at  Sun-riftng,  which  may  fufEce  for  Sun- 
etting ;  wherein  obferve. 

In  the  Re£f angle  Spheric  Triangle  P  B  a.  Plate  8.  Fig.  1. 

1.  The  Leg  PB  the  Refleftion,  or  that  which  is  equal  to  the 
Sun’s  Declination,  found  by  Problem  1,  in  page  239,  to  be  2od. 
tim.  North. 

2.  The  Hypotenufe  P  a,  the  Complement  of  the  Latitude  of 
he  Place,  or  the  Diftance  of  the  Pole  from  the  Vertex,  in  this 

xample  38d.  28m. 

3.  The  Angle  B  a  P  the  Amplitude,  or  the  Complement  of  the 
>un’s  Azimuth,  from  the  North  in  North  Latitude  ;  and  from  the 
South,  in  South  Latitude ;  for  the  Angle  P  a  Q  is  the  Azimuth 
rom  the  North  at  Sun-rifing,  and  the  Angle  B  a  ?  is  its  Comple- 
fnent,  and  therefore  equal  to  the  Sun’s  Amplitude. 

4.  The  Angle  BPfl,  the  Hour  from  Midnight;  that  is,  the 
Firne  of  the  Sun’s  Rifing  after,  and  Setting  before  12  at  Night. 

1.  For  the  Angle  atBtfP,  the  Sun’s  Amplitude ;  the  Propor- 
ion  by  Chapter  5,  Seftion  4,  Problem  1,  Cafe  2,  in  pages  135 
tnd  136,  is  ; 

As  S.  Hypotenufe  P  a  ..  Radius  :  :  S.  Leg  BP.  ..  S.  Angle  B  a  P. 

As  S.  38d.  28m. ..  S.  qod.  :  :  S.  2od.  1  im. ..  S <  33d.  42m. 

That  is. 

As  the  Sine  Complement  of  the  Latitude,  is  to  the  Radius;  So 
s  the  Sine  of  the  Refle&ion,  to  the  Sine  of  the  Sun’s  Amplitude, 
33d.  42m.  from  the  Edit  Northerly,  at  Sun-riflng;  and  from  the 
Weft  Northerly,  at  Sun-Lttine. 

Q_  2.  For 
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2.  For  the  Angle  B  P  the  Complement  of  the  Afcenfional 
Difference,  the  Proportion  by  the  aforefaid  Problem  I,  Cafe  1, 
in  Page  135,  is  thus  ; 

As  Radius  ••  T.c.Hypot..  P  a  :  :  1  .  Leg  BP  "S.  e.  Angle  BP^r. 
AsT.45d.  ..T.  5 id.  32m.  :  :  T.  2oci.  um.  ••  S  27a.  34m. 
the  Sun’s  Afcenfional  Difference,  which  is  equal  to  ih.  $om.  the 
Time  the  Sun  rifeth  before  6  ;  and  as  much  after  6,  is  the  Suns 
Setting,  becaufe  the  Latitude  is  North,  and  the  Sun  in  a  Northern 
Sign  ;~but  it’s  the  contrary,  when  one  is  North,  and  the  other 
South. 

In  this  Triangle  may  Problems  4,  5,  6,  7,  3,  9,  10,  and  xi. 
of  Section  2.  of  this  Chapter  be  refolved. 

Problem  3.  The  fame  given  as  before  in  Problem  2,  to  find  the 
Sun’s  Diftance  from  the  Vertex,  when  due  Fall  or  Weft,  and 
the  Time  from  Noon  when  he  fhall  be  fo.  Plate  8.  Fig.  I. 

Example. 

Latitude - 5 id.  32m.  ^  j  Sun's  Zenith  Dijlanu. 


7  ime  when  he  is  Eaji, 


Suns  Place  ood.  ocm.  in  Jl 
or  JVeJl,  required?  \  £ 

1.  To  delineate  this,  after  the  proper  Meridian,  and  Path  of 
the  Vertex,  or  parallel  ot  Latitude  is  drawn,  as  before  in  Problems 
1  and  2.  Then  thro’  O  and  D,  draw  a  Grreat  Circle,  juft  to 
touch  the  Path  of  the  Vertex,  on  either  fide  of  it,  as  the  Oblique 
Circle  O  cD,  and  O  dD. 

2.  Through  P  and  e,  or  P  and  d,  draw  a  Great  Circle,  to  cut 
Qcd,  O  d D  at  Right  Angles,  which  is  the  Place  of  the  Vertex, 
when  the  Sun  fhall  appear  due  Eaft  or  Weft  :  And  then  are  form¬ 
ed  two  Triangles  Pr  0,  and  Pr/©  j  one  when  the  Sun  is  Eaft, 
and  the  other  when  he  is  Weft  ;  in  each  the  lame  things  are 
given  and  required  :  Therefore  obferve, 

In  the  Redtangle  Spheric  T  riangle,  Pr0.  Plate  8.  Fig.  I- 

1.  The  Hypotenufe  P  O  the  Sun’s  Diftance  from  the  Pole, 
found  by  Problem  1.  to  be  6qd.  49m.  the  Complement  of  the 
Reflection. 

2.  The  Leg  Pr,  the  Diftance  of  the  Pole  from  the  Vertex,  or 
Complement  of  the  Latitude,  in  this  Example  38d.  28m. 

3.  The  Leg  O  c,  the  Sun’s  Diftance  from  the  Vertex,  or  Com¬ 
plement  of  his  Altitude  when  Eaft  ;  And  the  fame  when  Weft. 

4.  The  Angle  ©Pc,  the  Hour  from  Noon,  when  he  is,  or 
fhall  appear  to  be  Eaft,  or  Weft. 

1.  For  the  Leg  ©  r,  the  Sun’s  Zenith  Diftance,  the  Propor¬ 
tion,  by  Chapter  5,  Section  4.  Problem  1,  Cafe  3,  in  Pages 
535  and  136,  is, 
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>.c.  Leg  Pc.-.  Radius :  :  S.c.  Hypot.  O  P  ••  S.  c.  Leg  ©  c, 
L  5  id.  32m. -.  S.  90c). :  :  S.  2od.  11m.  ••  S.  26d.  09m. 

s  Altitude  when  Eaft,  and  the  fame  when  Weft. 


That  is, 


s  the  Sine  of  the  Latitude  is  to  the  Radius ; 
o  is  the  Sine  of  the  Refletftion,  to  the  Sine  Complement  of  the 
's  Zenith  Diftance:  or  his  Diftance  from  the  Vertex,  in  thist 
:  63d.  51m. 

.  For  the  Angle  ©Pc,  the  Hour  from  Noon,  the  Propor- 
is , 

Ladius  •*  T.  Leg  P  c  ::  T.c.  Hypot.  P©  ••  S.  c.  Angle  ©Pc. 
•  45d.  ••  T.38d.28m. ; :  T.  2od.  nm.  --S.  i6d.  59m.  or 
8m.  That  is, 

the  Radius,  is  to  the  Tangent  Complement  of  the  Latitude? 
.  is  the  Tangent  of  the  Refledtion,  to  the  Sine  Complement 
e  Hour  from  Noon,  when  the  Sun  is  due  Eaft,  or  Weft; 
Sun  is  Eaft  at  8m.  after  7  of  the  Clock  in  the  Forenoon, 
Weft  at  52m.  after  4  in  the  Afternoon. 

1  this  Triangle  may  Problems  1 8,  19,20,  21,  22,  and  23, 
;<5tion  2.  of  this  Chapter  be  refolved. 
roblem  4.  The  fame  given  as  before  in  Problem  2.  to  find  the 
un’s  Diftance  from  the  Vertex  ;  and  his  Azimuth  at  the  Hour 
f  6.  Plate  8.  Fig.  1. 


5?en.  Dift. 
Azimuth. 


Latitude  5id.  32m.  N.  ; 
Sun’s  Place  o  00  in  ix  \ 


'r  giveri;  the  Sun’s 


I  :  6  of  the  Clock  is  required  ? 

.  To  delineate  rhis;  after  the  proper  Meridian,  and  Path  of 
Vertex  are  drawn,  as  before  in  Problem  2.  Then  thro’  P, 
/  a  Great  Circle  at  Right  Angles,  with  the  proper  Meridian, 
ut  the  Path  in  b ,  and  in  e,  and  the  Horizon  of  the  Earth’s 
.  in  A,  where  it  always  interfedls  the  Equator,  as  the  Ob- 
:  Circle  A  £Pr,  or  Able,  which  is  the  Meridian  or  Hour- 
le  of  Six,  fo  that  b  (in  the  Path)  is  the  Place  of  the  Vertex 
in  the  Morning ;  and  e  its  Place  at  Six  Afternoon. 

.  Therefore  thro’  ©  and  b ,  or  ©  and  e,  draw  a  Great 
-le,  and  you  will  form  two  Right  Angled  Spheric  Triangles 
1 ,  or  ^P©  :  One  of  them  is  fufficient  to  folve  the  Queftion, 

1 g  equal  Triangles :  If  you  take  the  firlt  at  Six  in  the  Morn- 
;  It  follows  j 

i  the  Right  Angled  Triangle  bP  ©.  Plate  8.  Fig.  r. 

.  The  Leg  Pi>,  the  Diftance  of  the  Pole  from  the  Vertex; 
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2.  For  the  Angle  B  P  a,  the  Complement  of  the  Afcenfio 
Difference,  the  Proportion  by  the  aforefaid  Problem  I,  Calt 
in  Page  1 35,  is  thus  ; 

As  Radius  ••  T.c.Hypot..  P  a  :  :  T.  Leg  BP  ••  S.  c.  Angie  E 
AsT.45d.  ••  T.  5id.  32m.  :  :  T.  2od.  nm.  ••  S  2jd.  34m. 
the  Sun’s  Afcenfional  Difference,  which  is  equal  to  ih.  50m’ 
Time  the  Sun  rifeth  before  6  ;  and  as  much  after  6,  is  the  S 
Setting,  becaufe  the  Latitude  is  North,  and  the  Sun  in  a  Nortl 
Sign  f  but  it’s  the  contrary,  when  one  is  North,  and  the  o 

South.  _  , 

In  this  Triangle  may  Problems  4,  5,  6,  7,  o,  9,  10,  and 
of  Sedtion  2.  of  this  Chapter  be  refolved. 

Problem  3.  The  fame  given  as  before  in  Problem  2,  to  fine 
Sun’s  Diftance  from  the  Vertex,  when  due  Fail  or  Weft, 
the  Time  from  Noon  when  he  (hall  be  fo.  Plate  8.  Fig.  I 

Example. 


'  ^  given  \  The  j 


Sun's  Zenith  Dij 
Time  when  be  is  t 


Latitude - 5 id.  32m.  N. 

Suns  Place  ood.  00m.  in  XL  j  *.  -  - 

or  IVeJi ,  required ?  .  ,  u  , 

1.  To  delineate  this,  after  the  proper  Meridian,  and  ratr 
the  Vertex,  or  parallel  of  Latitude  is  drawn,  as  before  in  Probl 
i  and  2.  Then  thro’  O  and  D,  draw  a  Great  Circle,  juf 
touch  the  Path  of  the  Vertex,  on  either  fide  of  it,  as  the  Obli 


Circle  G  c  D,  and  O  dD. 

2.  Through  P  and  e,  or  P  and  d,  draw  a  Great  Circle,  to 
Qcd,  ©  d D  at  Right  Angles,  which  is  the  Place  of  the  Vert 
when  the  Sun  fliall  appear  due  Eaft  or  Weft  :  And  then  are  foi 
ed  two  Triangles  P  c  0,  and  P  d  ©  ;  one  when  the  Sun  is  E 
and  the  other  when  he  is  Weft;  in  each  the  fame  things 
given  and  required  :  Therefore  obferve, 

In  the  Redtangle  Spheric  "I  riangle,  PeQ.  Plate  8.  Fig. 

1 .  The  Hypotenufe  P  O  the  Sun’s  Diftance  from  the  Pc 
found  by  Problem  1.  to  be  6qd.  49m*  ^ie  Complement  of 
Reflection. 

2.  The  Leg  Pc,  the  Diftance  of  the  Pole  from  the  Vertex, 
Complement  of  the  Latitude,  in  this  Example  38a.  28m. 

3.  The  Leg  G  c,  the  Sun’s  Diftance  from  the  Vertex,  or  C01 
plement  of  his  Altitude  when  Eaft  ;  And  the  fame  when  Weft. 

4.  The  Angle  ©  P  r,  the  Hour  from  Noon,  when  he  is, 
fliall  appear  to  be  Eaft,  or  Weft. 

1.  For  the  Leg  ©  r,  the  Sun’s  Zenith  Diftance,  the  Propc 
tion,  by  Chapter  5,  Sedtion  4.  Problem  1,  Cafe  3,  in  Pag 
535  anil  136,  is,  .ds 
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AsS.c.  Leg  Pc.  -  -Radius:  :S.c.  Hypot.  O  P*-S.  c.  Leg  ©  c. 
As  S.  5  id.  32m.  ••  S.  9od. :  :  S.  2od.  11m.  •  •  S.  z6d,  09m. 

Sun’s  Altitude  when  Eaft,  and  the  fame  when  Weft. 

That  is, 

As  the  Sine  of  the  Latitude  is  to  the  Radius ; 

So  P  the  Sine  of  the  Reflexion,  to  the  Sine  Complement  of  the 
Sun’s  Zenith  Diftance:  or  his  Diftance  from  the  Vertex,  in  thii 
Cafe  63d.  51m. 

2.  For  the  Angle  0Pc,  the  Hour  from  Noon,  the  Propor¬ 
tion  is  ; 

As  Radius -T.  Leg  P  c  ::  T.c.  Hypot.  P©  ••  S.  c.  Angle  ©Pc. 
AsT.45d. ..  T.38d.28m. : :  T.  2od.  11m.  -S.  i6d.  com.  or 

ih.  8m.  That  is. 

As  the  Radius,  is  to  the  Tangent  Complement  of  the  Latitude; 
So  is  th6  Tangent  of  the  Reflexion,  to  the  Sine  Complement 
the  Hour  from  Noon,  when  the  Sun  is  due  Eaft,  or  Weft  ; 
irhe  Sun  is  Eaft  at  8m.  after  7  of  the  Clock  in  the  Forenoon, 
ir.d  Weft  at  52m.  after  4  in  the  Afternoon. 

In  this  Triangle  may  Problems  z 8,  19,20,  21,  22,  and  23, 
»fSe£lion  2.  of  this  Chapter  be  refolved. 

Problem  4.  The  fame  given  as  before  in  Problem  2.  to  find  the 
Sun’s  Diftance  from  the  Vertex  ;  and  his  Azimuth  at  the  Hour 
of  6.  Plate  8.  Fig.  1. 


Example * 

•1  (  Latitude  5id.  32m.  N.  )  .  .  _  ,  r  Zen.  Dift. 

I,e  1  Sun's  Place  o  oo  in  at  (  g'™tith.Sua-.  £  A2imuY“- 
at  6  of  the  Clock  is  required  ? 

1.  To  delineate  rhis;  after  the  proper  Meridian,  and  Path  of 
ie  Vertex  are  drawn,  as  before  in  Problem  2.  Then  thro’  P, 
raw  a  Great  Circle  at  Right  Angles,  with  the  proper  Meridian, 

cut  the  Path  in  b,  and  in  <?,  and  the  Horizon  of  the  Earth’s 
ifk  in  A,  where  it  always  interfe&s  the  Equator,  as  the  Gb- 
:jue  Circle  A  £P <?,  or  Able,  which  is  the  Meridian  or  Hour- 
ircle  of  Six,  fo  that  b  (in  the  Path)  is  the  Place  of  the  Vertex 
6  in  the  Morning;  and  e  its  Place  at  Six  Afternoon, 

2.  1  herefore  thro’  O  and  b ,  or  ©  and  r,  draw  a  Great 
'rcle,  and  you  will  form  two  Right  Angled  Spheric  Triangles 
'©>  or  ePo  :  One  of  them  is  fufficient  to  folve  the  Queftion, 
ing  equal  Triangles :  If  you  take  the  firft  at  Six  in  the  Morn- 
g  ;  It  follows  ; 

In  the  Right  Angled  Triangle  b  P  0.  Plate  8.  Pig.  1. 

I.  The  Leg  P b,  the  Diftance  of  the  Pole  from  the  Vertex; 

0,2  or 

■■■■■■■ 
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or  the  Complement  of  the  Latitude,  in  this  Example  38d.  2.8m.  , 

2.  The  Leg  P  ©,  the  Sun’s  Diftance  from  the  Pole,  found  by 
Problem,  l,  to  be  69J.  49m.  the  Complement  of  the  Reflexion. 

3.  The  Hypotenufe  b  ©,  the  Sun’s  Diftance  from  the  Vertex, J 
01  Complement  of  his  Altitude  at  the  Hour  of  6. 

4.  The  Anale  P  b  ©,  his  Azimuth  from  the  North,  in  all 
North  Latitudes,  and  the  contrary  in  South  Latitudes:  For  ir 
what  part  of  the  Path  foever  the  Vertex  is  found,  that  part  0  | 
the  Hour  Circle,  intercepted  betwixt  it  and  the  North  Pole  of  the 
Globe,  is  the  North  part  of  that  Meridian,  or  Hour  Circle  ;  ant 
intercepted  betwixt  it  and  the  South  Pole,  is  the  South  part  0 
the  Meridian. 

5.  For  the  Hypotenufe  l  O,  the  Sun’s  Diftance  from  the  Ver 
tex  at  the  Hour  of  6,  the  Proportion  (by  Chapter  5,  Section  4 
Problem  5,  Cafe  14,  in  pages  139  an c/ 140.)  is; 

Radius ..  S  c.  Leg  P  b  ::  S.  c.  Leg  P  ©  ..  Hypot.  b  ©. 

S.  9od. ..  S.  5 id  32m.  : :  S.  2od.  1  rm.  ..  S.  isd.  40m.  the  Sun 
Altitude  at  6  in  the  Morning,  or  at  6  in  the  Afternoon.  1 
That  is ; 

As  the  Radius,  is  the  Sine  of  the  Latitude ; 

So  is  the  Sine  of  the  Reflection,  to  the  Sine  of  the  Sun 
Altitude,  or  Complement  of  his  Diftance  from  the  Vertex,  < 
the  Hour  of  6,  equal  to  74d.  20m. 

2.  For  the  AnglejP  b  ©,  his  Azimuth  at  6,  the  Proportio 

is  * 

As  Radius  ..  S.  Leg  P  b  :  :  T.  c.  Leg  P  O  ..  T.  c.  Angle  P  b  C 
As  S.  9od. ..  S-38d.  28m.:  :  T.  2cd.  urn-  ..  T.  I2d.  52m.  Suty 
Azimuth  from  the  Eaft,  at  6  in  the  Morning;  but  from  tl 
Weft,  at  6  in  the  Afternoon. 

That  is ; 

As  the  Radius,  is  to  the  Sine  Complement  of  the  Latitud 
So  is  the  Tangent  of  the  Reflection,  to  the  Tangent  Cor 
plement  of  the  Sun’s  Azimuth  from  the  Meridian,  at  the  Ho 
of  6,  equal  to  7yd.  8m.  from  the  North  ;  that  is  almoft 
bv  N.  at  6  in  the  Morning,  and  near  W.  by  N.  at  6  in  t 
Afternoon. 

In  this  Triangle  may  Problems  12,  13,  14,  15,  16  and  i 
of  SeCfion  2.  of  this  Chapter  be  refolved 

Prob.  5.  The  Sun  in  the  Equinoctial,  the  Latitude  of  a  PL 
and  his  Altitude  given,  to  find  his  Azimuth,  and  Hour  of  theD 
Note-,  The  Sun  is  faid  to  be  in  the  EquinoCtial,  when  he  is 
the*beginning  of  TT,  or  ;  and  then  he  hath  no  Declination. 
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•  97,  5  Azimnth 
e  l  Hour  of theDay 
Plate  8.  Figure  1. 


Required  ?  To  delineate  this, 


1.  The  Sun  in  the  Beginning  of  T>  then  the  Horizon  of 
the  Earth’s  Dilk  is  ®  P  K  VS,  and  the  proper  Meridian,  then 
is  V  P  the  Sun’s  Rifing  at  London  is  at  m,  his  Setting  at 
t,  &c.  The  Path  of  the  Vertex  being  drawn  as  before  in 
Problem  2. 

2.  Then  (by  Problem  9,  Cafe  2,  of  Spheric  Geometry,  in 
page  J2r)  draw  a  parallel  Circle  at  57d.  diftance  from  Ariest 
to  cut  the  path  in  b ,  the  place  of  the  Vertex  of  London ,  when 
its  diftance  from  the  Sun  is  57d.  the  Complement  of  the  Sun’s 
Altitude. 

3.  Draw  a  Meridian  through  P  and  b,  and  a  Great  Cir¬ 
cle  through  £  and  T,  the  place  of  the  Sun,  Co  will  you  form 
the  Triangle  T  P  b,  and  i  P  K;  either  of  them  will  folve 

I  the  Queftion  ; 

In  the  Redtangle  Spheric  Triangle  PK  b.  Plate  8<  Figure  r. 
1.  The  Hvpotenufe  P  b,  the  Diftance  of  the  Pole  from  the 
I  Path  of  the  Vertex,  or  Complement  of  the  Latitude,  equal  to 
gSd.  28m. 

f  2.  The  Leg  K  b,  the  Sun’s  Altitude,  or  the  Complement  oi 
[  his  Diftance  from  the  Vertex,  equal  to  33  Degrees. 

3.  The  Angle  P  b  K,  (the  Supplement  of  the  Angle  P  b 
)  the  Sun’s  Azimuth  from  the  North)  is  the  Sun's  Azimuth  from 
the  South,  in  all  North  Latitudes ;  but  from  the  North,  in  all 
[  ISouth  Latitudes. 

"  4.  The  Angle  b  P  K,  the  Complement  of  the  Angle  b  P  y, 

:  (the Horizon  from  Noon)  is  the  Flour  of  the  Day  from  Six. 

1.  For  the  Angle  P  £  K,  the  Sun’s  Azimuth  from  the  Meri- 
i  dian,  the  Proportion  (by  Chapter  5,  Section  4,  Problem  1,  Cafe 
1  is  in  page  135)  is, 

r  As  Radius ..  T.  c.  Hypot.  P  b  :  :T.  LegKA..  S.  c.  Angle P  Z>K. 
I  AsT.  45d. ..  T.  5 id.  32m. :  :  T.  33d. ..  S.  54a.  49m.  the  Sun’s 
t' Azimuth  from  the  Eaft.  That  is, 

N  As  Radius,  is  to  the  Tangent  of  the  Latitude; 

So  is  the  Tangent  of  the  Sun’s  Altitude  (when  in  the  Equi¬ 
noctial  )  to  the  Sine  Complement  of  his  Azimuth  from  the  South, 
that  is  35d.  1  im.  South  Eafterly,  or  S  E.  by  S.  |  £.  almoft. 

2.  For  the  Angle  P  b  f£,  the  Hour  from  6,  the  Proportion  is 
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As  S.  Hypot.  ?b  ••  Radius  :  :  S.  Leg  K  b  ••  S.  Angle  b  P  K. 

As  S.  381!.  28m.  ..  S.  god.  ;  :  8.33d.  com.  ••  S.  6id.  c6m. 
equal  to  4h.  4m.  I  hat  is; 

As  the  Sine  Comp'ement  of  the  Latitude,  is  to  the  Radius; 

So  is  the  Sine  of  the  Sun’s  Altitude  (when  in  the  Equi- 
noftial)  to  the  Sine  of  the  Hour  from  Six,  6 id.  6m.  equal  to 
4I1.  4m.  which  add  to  6  makes  4m.  after  10m.  in  the  Morning; 
but  had  it  been  in  the  Afternoon,  it  mull  have  been  fubtra&ed 
from  6. 

In  the  fame  Triangle,  five  Problems  more  may  be  refolved, 
which  I  leave  for  the  Learner  to  invent.  |  . 

Problem  6.  The  Latitude  of  a  Place,  the  Sun’s  Place  in  the  E* 
cliptic,  and  his  oblerved  Dillance  from  the  Vertex  given;  to 
find  his  Azimuth,  and  Hour  of  the  Day. 

Sun's  Azimuth  1  ^ 
Hour  of  the  Day  J  $»" 

To  delineate  this,  Plate  8.  Figure  1. 

1.  Draw  a  Parallel  Circle,  54d.  dillance  from  ©,  (the  Place 
of  the  Sun)  and  where  it  cuts  the  Path  (of  the  Vertex)  is  the] 
Place  of  the  Vertex,  when  its  Dillance  from  the  Sun  is  54d.  or 
when  the  Sun’s  Altitude  is  368.  as  here  it  doth  at  7  and  5. 

2.  Through  7  and  P;  and  through  7  and  O,  draw  Great- 
Circles,  which  will  foim  the  Oblique  Spheric  Triangle  G  P  7  ; 
the  like  may  be  done  thro’  5  and  P,  and  thro’  5  and  Q  ;  which 
will  form  two  other  Triangles  equal  to  them. 

In  the  Oblique  Spheric  Triangle  O  P  7.  Plate  8.  Fig.  1. 

1.  The  Side  P  ©>  the  Dillance  of  the  Sun  from  the  Pole, 
found  by  Problem  1.  to  be  6gd.  49m.  the  Complement  of  the 
Reflection  zed.  11m.  equal  to  the  Sun’s  Declination. 

2.  The  Side  P7,  the  Dillance  of  the  Pole  from  the  Vertex,  or 
the  Complement  of  the  Latitude  equal  to  38d.  28m. 

3.  The  Side  Q  7,  the  Sun’s  Dillance  from  the  Vertex,  or  the 
Complerpent  of  his  Altitude  in  the  Forenoon  548.  ocm. 

4.  The  Angle  P  7  G,  the  Sun’s  Azimuth  from  the  North. 

5.  The  Angle  O  P  7>  the  Hour  of  the  Day  from  Noon. 

The  Angles  P  7  ©  and  G  P  7  may  be  found  by  Chapter  5. 

Section  5 >  Problem  Ji,  Cafe  1 1,  of  Oblique  Spheric  Trigonometry , 
in  Pages  147  arid  148,  for  there  are  three  Sides  given,  to  find  an 
Angle;  and  when  wrought  you’ll  find  the  Angle  P70  703d.  1 

I2m. 


r  Latitude —  5 1  d.  32m.  N.  .  r 
The  3  Suns  Place  ocd.  oo.  in  ix  >  S‘^’en  •  J 
l  Q's  Altitude  %  6d.  00.  A.M.J  1  be  (_ 
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12m.  the  Sun’s  Azimuth,  from  the  North,  or  76c!.  48m.  from 
the  South  Eafterly,  which  makes  E.  by  S.  almoft. 

And  the  Angle  ©  P  7  is  5 7d .  04m.  or  3(1.  48m.  the  Hour 
from  Noon,  which  is  8h.  12m.  in  the  Morning. 

But  had  it  been  in  the  Afternoon,  then  the  Hour  of  the  Day 
is  3(1.  48m.  and  the  Azimuth  7 6d.  48m.  South  Wefterly,  or 
|W.  by  S.  almoft. 

In  this  Triangle  may  Problem  r,  2,  3,  4,  5,  6,  7,  8,  9,  and 
I  Oof  Section  3.  of  this  Chapter  be  refolved. 

Problem  7.  The  Longitude  and  Latitude  of  a  Star  given ;  to 
find  its  Right  ATcenfion  and  Declination. 

Example.  Let  the  oppofite  Star  be  Capella,  and fuppofmg  its 
Longitude  iSd.  02m.  in  ji  (  ,  .  .,  j  Right  Afcenfion  ?. 

. Latitude  22d.  52m.  North  )  (  Declination  ? 

To  delineate  this  Problem.  Plate  8.  Figure  1. 

1.  Lay  off  the  Star’s  Longitude  y8d.  02m.  (from  the  Chords) 
on  the  Primitive  Circle  from  Y'  to  y,  and  draw  the  Circle 

j  of  Longitude  Ivy. 

2.  From  the  Half-Tangents  lay  6yd.  o8m.  (the  Complement 
of  the  Star’s  Latitude,  or  its  Diftance  from  the  neareft  Pole  of 
the  Ecliptic)  oti  the  Circle  of  Longitude  from  K  to  44.  - 

3.  Thro’  P  and  44,  draw  a  Great-Circle,  which  is  a  Meri- 
|  Idian  paffing  over  the  Star,  and  ’tis  done. 

In  the  Oolique  Spheric  Triangle  KP  44,  Plate  8.  Figure  r. 
jObferve : 

x.  The  Side  PK,  the  Diftance  of  the  two  Poles,  or  Line  of 
Direction  of  the  Earth’s  Axis  equal  to  23d.  29m. 

2.  The  Side  K  44,  the  Star’s  Diftance  from  the  Pole  of  the 
'Ecliptic,  or  the  Complement  of  its  Latitude,  equal  to  67  deg. 
08  min. 

3.  The  Angle  P  K  44,  the  Star’s  Longitude  from  the  Solffitial 
Colure,  in  this  Problem  nd.  58m.  from  9s  • 

4.  The  Angle  PEL  44,  the  Star’s  Right  Afcenfion  from  the 
oppofite  Point  of  the  fame  Colure. 

5.  The  Side?  44,  the  Star’s  Diftance  from  the  Pole  of  the 
Globe,  or  Complement  of  his  Declination. 

So  that  here  are  two  Sides,  and  an  Angle  betw'een  them  gi¬ 
ven,  to  find  an  Angle,  and  the  third  Side  ;  which  is  performed 
by  Chapter  5,  Sedfion  5,  Problem  9,  Cafes  7  and  8,  of  Oblique 
Spheric  Trigonometry, .in  Pages  144  and  145,  and  being  the  lame 
as  Problem  11.  of  Sedtion  3.  of  tins  Chapter,  in  Page  234.  I 
leave  it  to  the  Learner’s  Working. 

Q__  4  Problem 
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Problem  8.  The  Latitude  of  a  Place,  the  Sun’s  place  in  the  E- 
cliptic,  and  the  Time  of  the  Day  given;  to  find  what  point  of : 
the  Fcliptic  culminates,  the  higheit  Point  of  the  Ecliptic,  (cal- 
led  the  Nonagefima  Degree,  or  90th  Degree  of  the  Ecliptic)  the 
Difiance  of  each  of  thefe  from  the  Vertex,  and  the  Paralladfic 
A-  ele,  or  Angle  which  the  Vertical  Circle  makes  with  the 
Ecliptic.  ' 

It’s  ufual  to  find  thefe  things  in  the  Calculation  of  Eclipfes, 
ana  the  Moon’s  pafling  over  Fixed  Stars;  which  in  the  Ptolo- 
tnaic  Projection,  are  with  much  Difficulty  fliewn,  but  in  this, 
jnoft  readily  and  eafily  reprefented. 

Example. 

Latitude  5 id.  32m.  N.  j  C  Point  Culminating,  ") 

Sun’s  place  ood.  pom.  in  rt  k  given;  the^s  Nonagefima  Degree , 

Hour -  9h.  com.  AM.  '  LVert.  Dijl.  of  each  3 

required  ?  To  delineate  this,  Plate  8.  Figure  I.; 

1.  The  Sun’s  place,  proper  Meridian,  and  Path  of  the  Vertex, 
being  drawn  as  before,  draw  an  Hour  Circle,  or  Meridian  thro’r 
P,  making  an  Angle  with  the  proper  Meridian  of  45d.  (the  Dift-1 
ance  of  the  given  Hour  from  the  proper  Meridian)  as  P  9,  to  cut 
the  Path  of  the  Vertex  in  9,  and  the  Earth’s  Ecliptic  in  C,  and  inF. 

2.  Thro’  G  9,  and  D,  draw  a  Vertical  Circle;  and  through 

K,  and  9,  draw  a  Circle  of  Longitude,  to  cut  the  primitive 
Circle  in  N,  and  ’tis  done  :  For,  1 

1.  C  is  the  Point  of  the  Ecliptic  Culminating,  or  in  the 
Meridian  of  the  Place,  at  the  given  Time. 

2.  N  is  the  Nonagefima  Degree,  or  the  higheft  point  of  the 

Ecliptic  at  the  fame  Time.  ®  I 

3.  C  9  and  N  9.  are  their  refpe&ive  Diftances  from  London's' 

Vertex  at  that  time.  &  1 

4.  The  Angle  N  O  9,  is  the  parallaftic  Angle,  or  Angle  which 
the  Veiticle  Circle  makes  with  the  Ecliptic  at  the  fame  time. 

In  the  Retfiangle  Spheric  T riangle  P^C, 

1.  The  Angle  C  P  is  the  Complement  of  the  Right  Af- 
eenfionof  the  Mid-heaven,  or  Point  of  the  Ecliptic  in  the  Me¬ 
ridian  of  the  Place  at  the  propofed  Time,  being  the  Time  from 
Noon,  (when  Afternoon  added  to  the  Sun’s  Right  Afcenfion, 
found  by  Problem  1.  But  when  the  propofed  Time  is  in  the 
Forenoon  it  muft  be  fubtrafted  (in  this  Cafe  is  7yd.  11m.  the 
Complement  of  I2d.  49m.  found  by  fubtrafting  (the  Time)  45d, 
from  57<J-  49m.  the  Sun’s  Right  Afcenfion. 

2.  The  Leg  P  og,  is  the  Complement  of  the  Difiance  of  the s 
Poles  of  the  Globe,  and  Ecliptic,  equal  to  66d.  31m. 

3.  The 


/ 
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3.  The  Leg  C  S>,  the  Complement  of  Y  C,  is  the  Longi¬ 
tude  of  the  Mid-heaven  from  or  the  point  of  the  Ecliptic 
Culminating  in  the  Meridian,  at  the  propofed  Time. 

4.  The  Hypotenufe  C  P,  is  the  Diftance  of  the  Mid-heavert 
from  the  next  and  neareft  Pole  of  the  Globe,  at  the  fame  Time- 

1.  For  the  Leg  C  S3,  the  Point  Culminating,  the  Proportion 

i by  Chapter  5,  Section  4,  Problem  3,  Cafe  7,  in  pages  137  and 
138,  is; 

As  Radius  S.  LegP  :  :  T.  Angle  CP$  S.  LegC  <5. 

As  S.  god.  ••  S.  66d.  31m.:  :  T.  7yd.  nm.  ••  T.  76d.  03m.  whofe 
Complement  13d.  57m.  is  Y  C ;  therefore  the  Longitude  of 
the  Mid-heaven  is  13d.  57m.  in  y\ 

2.  For  the  Hypotenufe  CP  the  Proportion  is; 

Radius  ••  S.c. Angle  CPg>:  :T.c.  Leg.  P  95  ..  T.c.  Hypotenufe  CP. 

S.  god. ..  S.  I2d.  4gm.  :  :8.23d.  2gm.  ••  S.  3d.  30m.  whofe 
Complement  84d.  30m.  is  P  C,  from  which  take  away  P  9 
the  Diftance  of  the  Pole  from  the  Vertex  38d.  28m.  the  Re¬ 
mainder  is  g  C,  the  Diftance  of  the  Mid-heaven  from  the  Ver¬ 
tex  46d.  2m. 

In  the  Oblique  Spheric  Triangle  P  g  K. 

1.  The  Side  P  K,  the  Diftance  of  the  two  Poles  23d.  29m. 

2.  The  Side  P  9,  the  Complement  of  the  Latitude  of  the 
Place  38d.  28m. 

3.  The  Angle  K  P  9,  the  Difference  of  the  Right  Afcenfion. 
of  the  Mid  heaven,  and  the  firft  Point  of  Capricorn ,  equal  to 
I02d.  49m.  found  by  fubtra&ing  270  Degrees,  out  of  (1 2d.  49m. 
ladded  to  360  Degrees,  which  is)  372d.  49m. 

4.  The  Angle  P  K  9,  the  Longitude  of  the  Nonagefvna ,  from 
Ithe  firft  point  of  S3. 

5.  The  Side  K.  9,  the  Complement  of  the  Nonagefimas  Di- 
(ftance  from  the  Vertex. 

Firft,  For  the  Angle  P  K  9,  the  Proportion  by  Chapter  5, 
Sefiion  5,  Problem  9,  Cafe  7,  in  pages  144  and  145,  is  thus. 

1.  As  the  Sine  of  half  the  Sum  of  the  Sides  P  9,  and  P  K,  is 
Ito  the  Sine  of  half  their  Difference ; 

So  is  the  Tangent  Complement  of  half  the  Angle  K  P  9,  to 
the  Tangeut  of  half  the  Difference  ©f  the  Angles  P  K  9,  and 
P  9-  K  ;  Then, 

2.  As  the  Sine  Complement  of  half  the  Sum  of  the  Sides 
IP  9,  and  P  K,  is  to  the  Sine  Complement  of  half  their  Diffe¬ 
rence  ; 

So  is  the  Tangent  Complement  of  half  th.*  Angle  K  P  9,  to 
| the  Tangent  of  half  the  Sum  of  the  Angles  P  K  9  and  P  9  K- 

2  That 
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That  is, 

d.  m.  d.  m.  d.  m.  d.  m.  j 

1.  As  S.  30.59.  ••  S.  07.29  ::  T.  38.36  -  T.  1 1.25.  And 

2.  As  S.  59.01.  ••  S.  82.31  :  :  T.  38.36  -•  T.  42.43.  Which 

being  added,  is  the  Angle  PK  9  -  54.08.  equal  to  JS  N,  , 

.which  fubtrad  from - 90.00. 

Remainder  is  the  Long,  of  the  Nonagefima  35  52.  from  Aries. 

Therefore  the  Place  of  the  Nonagefima  5d-52m.  in  Taurus. 
Secondly,  For  the  Side  K9,  the  Proportion  is  thus  ; 

As  S.  Angle  PK9  ••  S.  Side  P  9  :  :  S.  Angle  KP9  ••  S.  Side  Ivg. 

As  S.  54d.  08m.  ••  S.  38d.  28m  :  :  S.  1 02d.  49m.  ••  S.  48d.  28m. 
the  Diftance  of  the  Vertex  from  the  Pole  of  the  Ecliptic;  equal 
to  which  is  the  Altitude  of  the  Nonagefima ,  whofe  Complement 
4id.  32m.  is  N  9,  its  Diftance  from  the  Vertex.  j 

Again,  4n  the  Redangle  Spheric  Triangle  o  N  9. 

1.  The  Leg  O  N,  the  Sun’s  Diftance  from  the  Nonagefima J 
in  this  Cafe  24d.  08m.  found  by  fubtrading  rN  qcd.  e2m. 
from  T  G  6od.  00m. 

2.  The  Leg  N  9,  the  Diftance  of  the  Nonagefima  from  the 
Vertex  found  as  above  to  be  4id.  32m. 

3.  The  Hypotenufe  O  9,  the  Sun’s  Diftance  from  the  Vertex. 

4.  The  Angle  N  O  9,  made  between  the  Virtical  Circle  and 
the  Ecliptic,  is  the  Paralladic  Angle;  to  find  which  the  Pro¬ 
portion  (by  Chapter  5,  Sedion  4,  Problem  5,  Cafe  13,  in  pages 
J39  and  140)  is, 

As  Radius  ••  S.  Leg  G  N  :  :  T.  c.  LegN  9  ••  T.  c.  Angle  N  O  9. 
As  S.  90ft.  ••  S.24d.ob’m. :  ;  T.  48d.  28m.  •  T.  24ft.  47m.  whofe, 
Complement  is  658.  13m.  is  the  Paralladic  Angle  N  ©  9  at 
the  Sun. 

And  for  the  Hypotenufe  ©  9,  the  Sun’s  Diftance  from  the 
Vertex,  the  Proportion  is. 

As  Radius -•  S.c  Leg  ©  N  :  :  S.c.  Leg  N 9  ••  S-  c.  Hypot.  G  g.ji 
As  S.  908.  ••  S.  658.  52m.  :  :  S.  488.  28m.  ..  S.  43d.  5m.  whofe 
Complement  468.  55m.  is  the  Sun’s  Diftance  from  the  Vertex, 
at  the  propofed  Time. 

But  to  calculate  the  Paralladic  Angle  at  the  Moon,  or  at  a  Star, 
that  has  Latitude  from  the  Ecliptic,  it  will  require  a  little  more 
Labour,  as  in  the  next  Problem. 

Problem  9.  The  Latitude  of  a  Place,  Sun’s  Place  in  the  Eclip¬ 
tic,  Time  of  the  Day  or  Night,  and  the  Longitude,  and  Lati¬ 
tude  of  the  Moon,  or  of.a  Star,  being  given ;  to  find  the  Paral-1 

lactic 
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iitftic  Angle  at  the  Moon,  or  at  the  Star ;  and  it’s  Diftance  from 
ie  Vertex. 

Example. 

i-atitude - 5id.  32m.  N.  "'I 

lun’s  Place  ood.  00m.  in  re  |  r  Paralladl.  An». 

lour - 9h.  A.  M.  )-given ;  the  ^  and  ° 

jf.  Capella  Lon.  18.  02  in  ix  |  £  Vertical  Dift. 

:s  Latitude  —  22.  52  N.  J 

To  delineate  this.  Plate  8.  Fig.  r. 

1.  Lay  off  the  Sun’s  Longitude,  and  draw  the  proper  Meridian 
ath  of  the  Vertex,  and  the  Hour  Circle  according  to  the  pro¬ 
ofed  Time,  the  Vertical  Circle,  and  Circle  of  Longitude,  in  all 
ffpefls  as  before  in  Problem  8. 

2.  Lay  off  the  Star’s  Longitude  and  Latitude,  as  before  in 
[roblem  7.  then  is  N  the  Place  of  the  Nonagefma,  9  the  Vertex 
ad  K-  is  the  Star’s  Place. 

3.  Through  and  9,  draw  a  Great  Circle,  and  ’tis  done. 

For  ■*-  9,  is  the  Star’s  Diftance  from  the  Vertex ;  and  the 

ngle  K  9,  the  Complement  of  the  Paralladtic  Angle  requi- 
fd  :  In  order  to  find  them  by  Calculation. 

Firjl,  Find  the  Place  of  the  Nonagefima  by  Problem  8,  which 
in  Taurus,  3d.  52m.  equal  to  T  N  33d.  52m. 

Secondly ,  The  Nonagefima' s  Diftance  from  the  Vertex,  which 
in  N  9,  is  equal  to  41  d.  32m. 

Then  in  the  Oblique  Spheric  Triangle  %  K  9. 

1.  The  Side  K  *,  the  Star’s  Diftance  from  the  next  Pole 
f  ,ile  Ecliptic,  or  the  Complement  of  its  Latitude,  equal  to 
yd.  08m. 

2.  The  Side  K9,  the  Diflance  of  the  Vertex  from  the  faid 
ole,  which  is  equal  to  the  Altitude  of  the  Nonagefima ,  qBd. 
8m.  found  by  Problem  8,  in  page  250. 

3.  The  Angle  4  K  9,  the  Difference  of  the  Longitude  of  the 
ven  Star,  and  the  Nonagefima ,  equal  to  42d.  icm.  and  is  the 
'ifference  of  Y  N,  35c! .  52m.  and  T y  y8d.  02m. 

4.  The  Angle  K  *  9,  the  Complement  of  the  Paralla&ic 
ngle,  at  the  given  Star. 

5.  I  he  Side  *  9,  the  Star’s  Diftance  from  the  Vertex. 

Firjl,  To  find  the  Angle  Iv  *  g,  the  Proportion  by  Chap.  5. 
Finn  5,  Problem  9,  Cafe  7,  in  Pages  144  and  145,  is, 

1 .  As  the  Sine  of  half  the  Sum  of  the  Sides  K  *  ;  and  K  9  ;  is 
'  Sine  of  half  their  Difference  :  So  is  the  Tangent  Comple¬ 
ment 
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ment  of  half  the  Angle  *  K  9  ;  to  the  T angent  of  half  the  Diffe¬ 
rence  of  the  Angle  K  9  *'  and  K  *  9.  Then, 

2.  As  the  Sine  Complement  of  half  the  Sum  of  the  Sides K  *  J 
and  K  9,  is  to  the  Sine  Complement  of  half  their  Difference ; 

So  is  the  Tangent  Complement  of  half  the  Angle  ^'Kg;  to 
the  Tangent  of  half  the  Sum  of  the  Angles  Kg*  and  K  *  9.  i 
That  is, 

d.m.  d.  m.  d.  m.  d.  m. 

j.  As  S.  57.48  ..  S.  9.20  :  :  T.  68.55  ..  T.  26.26.  And, 

2.  As  S.  52.12  ..  S.  80.40  ::  T.  68.55  ..  T.  78.14.  They  being 

fubftraded,  give  the  Angle  K  *  9 - 5 1 .48  whofe  Com¬ 

plement  38d.  12m.  is  the  paralledic  Angle  at  Capella. 

Secondly ,  To  find  *  9,  the  Vertical  Difiance,  the  Proportion  is, 
AsS.  AngleK  *  9  ..  S.  Side  K  9 : :  S.  Angle  *  K  9  ..  S.  Side  *  9.  - 
As  S.  5  j d .  48m. ..  S.  48d.  28m.  :  :  S.  42?.  10m.  ..  S.  3gd.  45m. 

The  Diftance  of  the  Star  Capella  from  the  Vertex  at  the  Time 
propofed. 

I  might  proceed  to  other  Problems,  and  fhew  how  they  are 
formed  and  reprefented  in  this  Projection,  but  I  leave  that  for  the. 
Learner’s  Exercife. 

I  pafs  by  what  (at  firft)  I  intended,  which  was  the  Orthogra¬ 
phic  Projection  of  the  Globe  ;  whereby  the  Moon’s  Appulfes  to  the 
Sun  or  Stars,  and  all  the  Appearances  of  an  Eclipfe,  Occultation 
or  Tranfit,  are  reprefented  to  the  Eye  ;  ufeful  to  find  the  Longi¬ 
tude  of  Places,  on  the  Globe  of  the  Earth,  a  Thing  much  talk’d 
of,  greatly  defined,  and  by  fome  pretended  to  be  found,  though  not 
made  known,  and  I  believe  will  never  be  made  practicable  at  Sea:. 
However  by  this  Hypothefis,  with  accurate  Tables  of  the  Moon 
and  Stars  Places,  and  a  Way  of  taking  an  Altitude,  or  an  Angle' 
at  Sea  unto  two  or  three  Minutes  ;  it  might  be  made  ufeful  to  ob- 
ferve  for  Longitude,  and  therefore  it’s  highly  worthy  of  our  Sea¬ 
men’s  Study  ;  but  without  fuch  Altitudes,  it  will  not  find  the  Lon¬ 
gitude  unto  two  or  three  Degrees  :  And  for  Encouragement  here¬ 
unto,  the  Government  hath  by  an  Ad  of  Parliament  promifed 
Twenty  Thoufand  Pounds;  and  for  the  Learner’s  Help  herein,  I 
am  ready  to  communicate  all  the  Affiftance  I  can  elfewhere  ;  for 
here’s  now  no  Place  for  it,  left  the  Book  (fwelling  too  big)  fhould 
he  deform’d. 

And  note ;  Thefe  two  Figures  in  Plate  the  8th,  are  the  Re- 
prefentation  of  the  two  Hemifpheres  before  deltribed  in  Chap¬ 
ter  6,  Sedion  4,  in  pages  180  and  1 8  r .  So  that  in  thofe  larger,., 
all  thefe  Problems  may  be  more  exadly  formed,  and  their' 

H 
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Requifites  more  truly  meafured  ;  and  if  the  particular  Circles  be¬ 
longing  to  any  Problem,  fuch  as  the  proper  Aderidian,  other  Me¬ 
ridians,  Hour  Circles,  Path  of  the  Vertex,  Circles  of  Longitude, 
'and  Vertical  Circles,  to  a  particular  Time,  &c.  were  drawn  with 
Black  Lead,  they  may  be  wiped  out  at  Pleafure,  and  the  Hemi¬ 
sphere  no  ways  damaged. 

And  when  any  Circle  happens  fo  large  as  not  eafily  to  be  drawn, 
or  ftruck  with  CompafTes,  it  may  be  done  with  a  Bow  of  the  Length 
of  the  Diameter  of  the  Hemifpheres ;  fuch  being  well  made  with 
3  Screws,  by  their  turning,  will  rife  up  to  the  feveral  Circles,  that 
may  (in  the  Proje&ion)  be  required  to  be  drawn. 


CHAPTER  X.  Of  the  Variation  of  the  Compafs ,  what  it 
i'Sy  how  to  find  it ,  and  how  to  rectify  the  Compafs  thereby. 

J~\Efinition  I.  Variation  of  the  Compafs ,  is  an  Arc  of  the  Hori- 
zon  contained  between  the  Meridian  of  the  Place,  and  the 
Magnetic  Meridian  ;  it’s  either  Eaft,  or  Weft,  and  never  exceeds 
90  Degrees. 

2.  Eafi  Variation,  is  when  the  North  Point  of  the  Adagnetic  Me¬ 
ridian  lieth  Eaftward  of  the  North  Point  of  the  Aderidian  of  the 
Place  ;  but  if  to  the  Weftward,  then  it  is  called  Weft  Variation. 

3.  Magnetic  Meridian ,  is  a  Great  Circle  palling  thro’,  or  by  the 
Magnetic  Poles  ;  to  which  Meridian,  the  Compafs  (if  not  other- 
wife  hindred)  hath  refpeCL 

4.  Magnetic  Poles ,  are  two  moving  oppofite  Points,  making  their 
Revolutions  about  thje  Poles  of  the  World  (as  Mr.  Bond  Laid  in  his 
Longitude  found ,  page  7.)  in  600  Years,  in  a  Circle  about  8d.  30m. 
diftant  therefrom  ;  and  their  Motion  (according  to  his  Account)  is 
the  Caufe  of  the  Variation  of  the  Compafs. 

5.  The  Variation  of  the  Compafs  is  found  by  an  Amplitude,  or 
an  Azimuth. 

6.  To  find  the  Variation  of  the  Compafs  by  an  Amplitude,  you 
muft  have  the  Latitude  of  the  Place,  the  Declination,  and  Mag¬ 
netic  Amplitude  of  the  Sun,  given. 

7.  Magnetic  Amplitude ,  is  an  Arc  of  the  Horizon,  contained 
between  the  Sun  (at  his  Rifing  or  Setting)  and  the  Eaft  or  Weft 
Points  of  the  Compafs  fleered  by;  Or,  it’s  the  apparent  Rifing, 
or  Setting  of  the  Sun  from  the  Eaft,  or  Weft  Points  of  the  laid 
Compafs,  and  is  found  by  obiervmg  the  Sun,  either  at  his  Rifing, 
or  Setting,  with  an  Amplitude  Compafs. 


8.  Amplitude , 
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8.  Amplitude ,  is  an  Arc  of  the  Horizon,  contained  between  j 
the  £un  and  the  Eaft,  or  Weft  Points  of  the  Horizon;  and  is 
found  by  Chapter  9,  Section  2,  Problem  4,  in  pages  216  and 
217,  which  I  call  the  true  Amplitude. 

9.  If  the  foregoing  Amplitudes  agree,  that  is  the  Magnetic  and 
True  Amplitudes  (which  is  feldom)  there  is  no  Variation;  but  if 
they  differ,  their  Differ,  rightly  counted  is  the  Variation. 

Nate  here ;  If  you  always  count  both  Amplitudes  from  the 
North;  then  this  is  a, General  Rule. 

At  Sun  Rifing  j  Magnetic—  (  Amplitude  greateft,  the 

f  D  J 

Variation  is  j  J  But  at  Sun’s  Setting  its 

Example  1.  At  Sun  Rifing,  fuppofe  the  True  Amplitude  be 
Eaft  33  Degrees  Northerly,  and  the  Magnetic  Amplitude  be  Eaft 
17  Degrees  Northerly  ;  then  counting  both  thefe  from  the  North, 
the  True  Amplitude  will  be  North  57  Degrees  Eafterly,  and  the 
Magnetic  North  73  Degrees  Eafterly  ;  the  Magnetic  is  the  great- 
eft,  and  the  Difference  is  16  Degrees,  which  is  the  Variation 
Wefterly  .  If  this  had  been  at  Sun-fetting,  the  Variation  would 
then  be  Eafterly. 

Example  2.  At  Sun  fetting  let  the  true  Amplitude  be  Weft  16 
Degrees  Northerly,  and  the  Magnetic  Amplitude  Weft  9  Degrees 
Southerly,  both  counted  from  the  North,  the  True  Amplitude 
is  North  74  Degrees  Wefterly,  and  the  Magnetic  is  99  Degrees 
from  the  North,  and  is  the  greateft ;  their  Difference  is  25  De¬ 
grees,  which  is  the  Variation  Eafterly. 

Or  thus,  in  thefe  two  Rules. 

1.  The  Amplitudes,  both  North,  or  both  South  ;  their  Diffe¬ 
rence  is  the  Variation :  But  one  North,  the  other  South,  their 
Sum  is  the  Variation. 

2.  Both  the  Amplitudes  (before  your  Face)  from  you,  if  the 

True  Amplitude  be  to  the  Right-hand  of  the  Megnetic,  the  Va¬ 
riation  is  Eaft ;  but  when  it’s  to  the  Left-hand,  then  the  Variation 
is  Weft.  r 

,  Thefe  Rules  will  be  exemplified  in  the  Problem  and  Examples 
following. 

Ptohlem  r.  The  Latitude  of  the  Place,  the  Sun’s  Declination 
and  Magnetic  Amplitude  given ;  to  find  the  Variation  of  the  1 
Compafs. 

The 
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Example. 


lie  4  Sun’s  Declination -  2od.  10m.  VThe  Variat.  is 

L  ©  Magnetic  Amplitude  —  17  IO  A.  M.  J  Required? 


Latitude' - 5IC^  32m<  1  North  given  ; 


To  delineate  this  Problem  Orthographical^.  Plate  9.  Figure  I. 
l.  Defcribe  a  Circle  and  quarter  it ;  on  whofe  Diameter  place 
tv.  N.  E.  and  S.  (but  always)  N.  at  the  Right-hand,  and  A  at 
le  Center  of  the  Circle. 


•  Lay  the  Lat.  if  <>  |from  upwards  to  j  j  £ 


2 


nd  the  fame  way  from  W  to  IE,  and  draw  the  Axis  PAl,  and 
le  Equino&ial  /EAQ. 

3.  By  laying  the  Chord  of  the  Sun’s  Declination  on  the  Pri- 
Siitive  Circle  from  the  Equino&ial,  draw  the  Parallel  of  Declina- 
on  parallel  to  it ;  as  the  {freight  Line  dCe,  to  cut  the  Horizon 
AN,  in  C,  the  Place  of  the  Sun’s  rifing,  or  fetting. 

4.  Meafure  AC  on  the  Line  of  Sines,  it  is  the  Sun’s  true  Am- 
litude  North,  if  the  Declination  be  North  ;  but  South  when  the 
)eclination  is  South. 

5.  Draw  the  Line  CF,  parallel  to  WAE  (downward  when  it’s 
IM,  but  upward  if  it  be  PM)  to  cut  the  Primitive  Circle  in  F. 


6.  Lay  the  Magnetic  Amplit,  if|  p' i  from  4  ^  £  to 


*  j  *  J 

!r,  on  the  Primitive  Circle,  towards  N  if  it  be  North  ;  But  to- 
'ards  S  when  it  is  South. 


7.  The  Diftance  from  G  to  N,  laid  (the  fame  way)  from  F  to 
falfe  North  (which  now  is  the  North  Point  of  the  Compafs,  and 


is  done. 

For  the  Diftance  from  N  to  Falfe  North,  meafured  on  the 
tale  of  Chords,  is  the  Variation  of  the  Compafs. 

To  find  the  Sun’s  true  Amplitude,  the  Proportion  by  Chap.  9, 
I  t&ion  2,  Problem  4,  in  page  217. 
s  S.c.  Latitude  ••  Radius  : :  S.  O  Declinat.  .  S.  0  Amplitude. 

.  38.  28m.  ••  S.  9od.  :  :  S.  2od.  iom.N. ..  S.  33d.  39m.  N. 

d.  m.  d.  m. 

.in’s  true  Amp!.  EF  33.39  EN.  or  NF  56.2  r  North  Eafterly. 
Ian’s  Magnetic.  EG  17.10  EN.  or  NG  72.50  North  Eafterly. 

jbtraft  reives  the  Variation  - - -  16.20  Weft. 


Am- 


— 1 r  C 


A'  .!■ 


/ .  i 


■  ,* 


25S  Variation  of  the  Compafs  by  an  Amplitude.  Ch.  X 


Anfwer.  The  Sun’s  true  Amplitude  is  13d.  42m.  Eaft  Northerly 
found  by  the  forefaid  Proportion,  by  which  the  Variation  is  found 
as  follows ;  d.  m.  d/m. 

©  True  Amplitude  EF  13  42  EN.  orNF  76  18  N.  Eafterly 
q  Magnetic  Amp.  EG  15  10  E  S.  or  NG  105  10  N.  Eafterly 
Subftradt,  givesjhe  Variation - - 28  52  Weft. 


The  following  Examples  are  for  the  Learner’s  Exercife,  and  ari 
wrought  by  the  forefaid  Dire&ions  and  Rules. 


Example  3. 
f  Latitude- 


d. 


13 


m. 

1  o  North  7 


'ariation  req 


The  \  Sun’s  Declination  15  40  South  >  given  ; 

L  G  Magnet.  Ampl.  9  12S.P.M.  3 
According  to  the  forefaid  Rules,  it’s  as  follows : 

d.  m,  d.  m. 

©  True  Amplit.  WF  16  06  WS.  or  NF  106  06  N.  Wefterly 

©  Magnet. - WG  9  12  WS.  or  NG  99  12  N.  Wefterly 

Subftra&  gives  the  Variation 
Example  4.  d.  m. 

{  Latitude  - 50  40 


6  54  Weft. 


The  3  Sun’s  Declination  19  50 

L  Sun’sMagne.Amp.  5  15N.P.M 


3 


South  given;  Variat.  req 


Anfver.  The  Variation  is  2yd.  17m.  Weft. 
Example  5.  d.  m. 

f  Latitude - 2 1  30 - "?  sj  ,u 

The  3  Sun’s  Declination  1956 - 3  or 


L  Sun’sMagnetiAmp.  10  17  South  P.  M. 
Anfwer.  The  Variation  is  2qd.  39m.  Eaft. 
Example  6.  d.  m. 

f  Latitude  . - —  25  30  South 

The x  Sun’s  Declination  18  12  North  >  given; 
L  Sun’s  Magnet.  Amp.  9  50  S.  A.  M.  3 
Anfwer.  The  Variation  is  3od.  5m.  Weft. 


given ;  Varia¬ 
tion  required  \ 


.  j gh 


Variat.  req 


Secondly,  To  find  the  Variation  of  the  Compafs  by  an  Azimuth 
obferve  thefe  following  Definitions. 

1.  Magnetic  Azimuth,  is  an  Arc  of  the  Horizon  contained  be¬ 
tween  the  Sun’s  Azimuth  Circle,  and  the  Magnetic  Meridian  ;  0 
it’s  the  apparent  Diftance  of  the  Sun  from  the  North,  or  Soutl 
Point  of  the  Compafs  ;  and  is  found  by  obferving  the  Sun  by  th<1 
Azimuth  Compafs,  either  in  the  Forenoon  or  Afternoon,  whei 
he  is  about  5,  ro  or  15  Degrees  high. 

2.  Azimuthy  is  an  Arc  of  the  Horizon  contained  betweei 

than 

V  -  -  '3^5?'  II 
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jthat  Azimuth  Circle,  which  paffeth  over  the  Sun,  and  the  Meri- 
lian  of  the  Place,  this  is  called  the  true  Azimuth,  and  is  found  by 
Hhap.  9,  Sett.  5,  Prob.  1,  of  AJirmomy ,  in  pages  229  and  230. 

3.  If  the  faid  Azimuths  agree;  that  is,  if  the  True  Azimuth, 
ind  Magnetic  Azimuth  agree,  there  is  no  Variation;  but  if  they 
lifter,  their  Difference  is  the  Variation  ;  for  which,  rightly  to 
jiccount,  obferve  this  General  Rule. 

Reckon  always  both  Azimuths  (like  as  I  faid  for  Amplitude  in 
•age  254.)  from  the  North. 


^■Azimuth  greateft,  the 


In  the  Forenoop  the 


Variation  is  |  | 


But  in  the  Afternoon  it’s 


Example  1.  In  the  Forenoon,  Suppofe  the  Sun’s  true  Azimuth 
rom  the  North  to  be  80  Degrees,  and  the  Magnetic  Azimuth  at 
Ihe  fame  Time  to  be  ior  Degrees,  the  Magnetic  is  the  greateft, 
nd  their  Difference  21  Degrees  is  the  Variation  of  the  Compafs 
Vefterly  ;  but  Eafterly,  had  it  been  in  the  Afternoon. 

Example  2.  In  the  Afternoon  let  the  Sun’s  true  Azimuth  be  115 
)egrees  from  the  North,  and  the  Magnetic  Azimuth  101  De- 
rees,  their  Difference  14  Degrees  is  the  Variation  Wefterlyj 
ut  Eafterly,  had  it  been  in  the  Forenoon. 

Or  thus,  by  the  following  Rules. 

t.  Always  count  both  Azimuths  from  the  North,  in  North 
latitude;  but  from  the  South  in  South  Latitude. 

2.  The  lefs  Azimuth  fubtracft  from  the  greater,  gives  the 
Variation. 

3.  Placing  both  the  Azimuths  (before  your  Face)  from  you,  if 
pe  true  Azimuth  be  to  the  Right-hand  of  the  Magnetic,  the  Va- 
ation  is  Eaft;  but  if  to  the  Left-hand  the  Variation  is  Weft. 

Thefe  Rules  will  appear  plain  in  working  the  Examples  of  the 
ext  Problem. 

roblem  2.  The  Latitude  of  the  Place ,  the  Sun's  Altitude ,  Sun's 

Declination ,  and  his  Magnetic  Azimuth  given,  to  find  the  P a- 

riation  of  the  Compafs  ? 

Example  x.  d,  m. 
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1.  Defcribe  a  Circle,  quarter  it,  lay  off  the  Latitude,  draw  the 
Equinoctial,  Axis,  and  Parallel  of  Declination,  in  all  Refpe&s 
as  before  directed,  (in  Prob.  i,  page  255- ) 

2.  By  laying  the  Chord  of  the  Sun’s  Altitude  on  the  Primitive 
Circle  from  the  Horizon  SAN,  draw  the  Parallel  of  Altitude  pa¬ 
rallel  to  it,  as  is  the  Line  a  C  b ,  to  cut  the  Parallel  of  the  Sun’s  ) 
Declination  d  C  e  in  C  ;  the  Place  of  the  Sun  a:  that  Time. 

3.  Draw  C  /;  parallel  to  WAE,  downward  when  it’s  A.  M. 

but  upwards  if  it  be  P.  M.  till  it  meet. in  an  Arc  made  (with  half 
the  Parallel  of  Altitude)  from  the  Center  (of  the  Primitive  Circle) 
A,  and  cutteth  the  faid  Arc  in  h.  '  '  “ 

4.  By  A  and  h. draw  a  Line,  to  cut  the  Primitive  Circle  in  F; 
then  NF,  or  SF,  meafured  on  the  Scale  of  Chords  flieweth  the 
Sun’s  true  Azimuth. 


5.  La 

from 


ay  the  Magnetic  Azimuth  (if  j  j  Latitude) 

|  ^  |  towards  |  ^  j  (when  it  is  j  p‘^j'  | )  to  G  or 

|  towards  |  |  to  the  faidG. 


E. 

W. 

the  primitive  Cir.  But  if  |  ^ 

6.  The  Diflance  from  G  to  N,  laid  (the  fame  Way)  from  F  to 
I  alfe  North,  which  is  now  the  North  Point  of  the  Compafs,  and  J 
it’s  done.  *  B  u 

bor  the  Diflance  from  N.  to  Falfe  North,  meafured  on  the  Scale 
of  Chords,  is  the  Variation  of  the  Compafs  required. 

J  hen  to  find  the  Sun’s  true  Azimuth,  the  Proportion  by  Chap- Ji 
ter  g,  ScElion  3,  Problem  1,  in  pages  229  and  230,  is  thus  ; 

d.  m.  d.  m. 


d.  m. 

90.00 

Latitude - 5 1 .32 

Comp.  Lat.  —  38.28 
Comp.  ©  Alt.  78.30 
O’ sdijl.fr, pole  74.50 
Sum  is  —  —  j  91.48: 
The  half  Sum  is  Q5.S4I 


90.00  90. CO 

N.  ©  Alt.  1 1 . 30  A.  M.  ©  Decl.  15.10  N. 
Com.  ©  Alt.  78.30  ©  dijl.fr.  pole  74.50 
Radius  S.c.  ..  Lat.  :  :  S.  c.  oAlt. ..  a4th  Sine 

d.  m.  d.m.  d.m. 

S.  9od.  ..  S.  38.28  :  :  S.  78.30  ..  S.  37.33 
Then  again. 


The  Remain,  is  2 1 .04  4th  Sine  ..  S.  half  Sum  :  :  S.  Rem.  ••  a  5th  Sine 

a  j  -  „  c.  ,iS-  37-33  ••  S.  95.54  :  :  S.  21.04  ••  S.  35*55 
And  agamft  Sine  35c!.  55m.  on  the  Verled  Sines,  is  the 

Sun’s  true  Azimuth  -  - -  8od.  02m.  North  Eafterly. 

Stin  s  Magnetic  Azimuth  - -  /oid.  10m.  North  Eafterly. 


Subftradl  giveth  the  Variation 


21.  08m.  Weft. 


And  | 


Chap.  X.  Variation  of  the  Compafs  by  an  Azimuth.  259 


And  for  the  Learner’s  Pra&ice,  take  thefe  following  Examples, 
whofe  Anfwers  are  found  by  the  Rules  foregoing. 

Example  2.  O-  m. 

f  Latitude - - - -  13  10  North") 

)  f  Altitude  - -  17  50  A.  M.  (  given  :  Variation 

*  Sun’s  s  Declination  —  16  59  South  {  required  l 
L  t  Magnet.  x\zim.  90 


d.  m. 

90.00 

Latitude - 13.ro 

Com.  Latitude  76.5c 
Com.  O’s  Altit.  72.10 
G  ’ sdiji.fro.p .  106.59 
Sum  is 


255-59 


The  half  Sum  127.59 
The  Remain 


is 


And  againft  Sines  17c 
G’s  True  Azimuth 


d.  m. 


d.  m. 

90.00  90.00 

N.  O’s  Altit.  17.50  A.  M.  o’sDecl.  16.59.8, 

Comp.  Alt.  72.10  O’s  dif.fr.  Pole  106.59 
Radius  ..  S  .c.Lat.  :  :  S.  c.  o’s  Alt. ..  a  /fhSine 


d.  m.  d.-'m.  d.  m. 

S.  god.  ..  S.  76.50  :  :  S.  72.10  ..  S.  67.48 
Then  again, 

21.00  Sine  ••  S.  i  5am  :  :.  S.  Rem.  ..  a  5th  Sine 
S.  67.48  ..  S.  127.59  :  :  S.21.00  ..  S.  17.45 
45m.  on  the  Verfed  Sines,  is  the 

■ - 1 13d.  00m.  North  Eafterly 


O’s  Magnetic  Azimuth  - — 

SubftraCt  giveth  the  Variation  - 
Example  3. 

'  Latitude 


{Latitud 
Sun’s  ^ 


Altitude  — 
Declination 


god.  10m.  North  Eafterly 
22d.  50m.  Eaft 
d.  m. 

— .  28.40  North") 

—  20.19  P.  M.  (given :  Varia- 
19.12  South  \  tion  required  ? 


The 

1  aua  s  -s  l^ecnnauun  - 

_  Magnet.  Azim.  —  129.50  North. 

Anfwer.  By  the  forefaid  Directions,  the 

G’s  True  Azimuth - 12yd.  02m.  N.  Wefterly: 

G’s  Magnetic  Azimuth - -  1298.  50m.  N.  Wefterly. 

SubftraCt  giveth  the  Variation  — —  2d.  48m.  Eaft. 

Example  4.  d.  m. 

‘Latitude - 50  40  South’) 

'Altitude - 25  IO  P.M.  (given:  Varia- 

Sun’s  Hi  Declination  -  23  30  South  tion  required  ? 


The 


{Latitude 
Sun’s  5  . 

L 


Magnet.  Azim.  -  100  20  South 

Anfwer.  The  Variation  is - iyd.  20m.  Weft. 

Example  5.  d.  m. 

Latitude - 23  10  South) 

Altitude - 10  15  A. M.  (given  :  Varia- 

Sun’s  H  Declination  -  23  30  North  (tion  required  ? 


The 


’4 


,  Magn.  Azim. 
Anfwer.  The  Variation  is 


102  40  South- 
-  i8d.  32m.  Weft. 


R  2 


Example 


I 
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Example  6. 

'  Latitude 

The<  ^  Altitude 


d.  in. 

37.45  South' 


18.20  P.  M. 
20.15  North 
115.40 


>given  :  Variation 
required  ? 


Sun’s  -s  Declination 

L  Magne.  Azim.  115.40  South 

AnJ'.  The  Variation  is  20d.  12m.  Eaft. 

But  the  Variation  may  be  found  more  eafily  by  an  Inflrument 
called  the  Redtifcr,  whole  Defcription  is  as  follows  : 

The  Rectifier  defcribed.  Plate  10. 

This  Inflrument  confifteth  of  two  Parts,  which  are  two  Cir¬ 
cles  laid  one  upon  another,  and  fo  fattened  together  in  their  Cen¬ 
ters,  that  they  reprefcnt  two  Compattes,  one  fixed,  the  other 
moveable ;  each  of  them  is  divided  into  the  32  Points  of  the 
Compafs,  and  360  Degrees,  and  numbered  both* Ways,  from  the 
North,  and  from  the  South;  and  ending  at  the  Eatt,  and  Weft, 
in  90  Degrees. 

The  fixed  Compafs,  reprefents  the  Horizon,  in  which  the 
North,  and  all  the  Points  of  the  Compattes  are  fixed,  and  im¬ 
moveable. 

The  moveable  One,  reprefents  the  Mariner’s  Compafs  fleered 

by,  in  which  the  North,  and  all  other  Points  are  liable  to  Va- 

.  . 

nation. 

In  the  Center  of  the  moveable  Compafs,  is  fattened  a  Silk 
Thread,  long  enough  to  reach  the  out-fide  of  the  fixed  Compafs: 
JBut  when  it’s  made  of  Wood,  there  is  an  Index  inftead  thereof : 
The  Ufe  is  as  follows. 

1.  To  find  the  Variation  hy  the  Redlifier. 

Note-,  Thofe  Degrees  numbred  from  the- North,  and  the  South 
towards  the  Eaft,  are  termed  the  Right-hand,  and  the  others  to¬ 
wards  the  Weft,  are  called  the  Left-hand. 

Example  1.  At  Sun-rifmg ,  Suppofe  the  true  Amplitude  5yd. 
from  the  North ,  and  the  Magnetic  73d.  from  the  North ,  What  is 
the  Variation  of  the  Compafs ,  and  which  Way  ? 

Place  73d.  (from  the  North)  on  the  Right-hand  in  the  move- 
able  Compafs,  to  57d.  (from  the  North)  on  the  Right-hand  in 
the  Immoveable  Compafs  ;  then  the  North  Point  of  the  Moveable 
Compafs,  will  Hand  at  i6d.  on  the  Left-hand  in  the  Immoveable 
Compafs,  which  fheweth  the  Variation  of  the  Compafs  is  j6 
Degrees  W eft. 

Example  2.  In  the  Afternoon ,  let  the  true  Azimuth  be  80  Degrees 
from  the  North ,  and  the  Magnetic  101  deg.  What  is  the  Variation 
of  the  Compafs ,  and  which  Way  ? 

Place  nod.  from  the  North ;  that  is,  yqi,  from  the  South  I, 

on 
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on  the  Left-hand  in  the  moveable  Compafs,  to  80  deg.  from  the 
North,  or  Left-hand  in  the  immoveable  Compals ;  then  the 
North  Point  in  the  moveable  Compafs  ftands  at  21  deg.  on  the 
Right-hand  in  the  immoveable  Compafs,  which  fhews  the  Varia¬ 
tion  of  the  Compafs  to  be  21  Decrees  Eaft. 

Always  counting  Amplitude  at  Sun-rifing,  and  Azimuth  in  the 
Forenoon,  to  the  Right-hand,  or  towards  the  Eaft ;  but  at  Sun- 
fetting,  and  in  the  Afternoon,  count  them  to  the  Left-hand,  to¬ 
wards  the  Weft. 

2.  Vo  r  edify  the  Courfe  by  the  Re£lifier. 

This  Propofition  hath  two  Cafes. 

Cafe  X.  The  Variation  of  the  Compafs,  and  the  Courfe  fleered, 
being  g'Ven  ;  to  find  the  true  Courfe. 

Example  1.  Suppoje  the  Variation  be  2t  Degrees  Eafi,  and  the 
Courfe  fleered  by  the  Compafs  is  N.  E.  by  N.  I  demand  the  true 
Courfe ,  the  Variation  being  allowed  ? 

'  I.  Place  the  N.  Point  of  the  moveable  Compafs  to  2 id.  from 
the  North  on  the  Right-hand  in  the  immoveable  Compafs. 

2.  Lay  the  Thread  or  Index  (which  is  fattened  in  the  Center) 
over  the  N.  E.  by  N.  Point  in  the  moveable  Compafs,  keeping  it 
ftreight  out;  then  in  the  immoveable  Compafs  the  Thread  or  In¬ 
dex  will  lie  on  55  Degrees,  or  near  N.  E.  by  E.  which  is  the  true 
Courfe  required. 

Example  2.  The  Variation  14  deg .Wefi,  and  the  Courfe  fecr'd 
by  the  Compafs ,  E.  S.  E.  I  demand  the  Ship’s  true  Courfe  F 

1.  Place  the  North  in  the  moveable  Compafs  to  14  deg.  Weft, 
in  the  immoveable. 

2.  Stretch  out  the  Thread,  or  Index,  over  E.  S.  E.  in  the 
moveable,  and  it  will  lie  on  82  Degrees  in  the  immoveable  Com¬ 
pafs,  or  E.  by  S.  a  quarter  E.  the  true  Courfe  required. 

Cafe  2.  The  Variation  of  the  Compafs ,  and  the  true  Courfe  given  ; 
to  find  the  Courfe  by  the  Compafs  F 

Example.  The  Variation  21  deg.  Eafi ,  and  the  true  Courfe  I 
Jhoidd  fleer  is  N.  E.  by  E.  What  Courfe  muf  I  fleer  by  the  Com¬ 
pafs,  to  allow  the  Variation  ? 

1.  Place  the  North,  in  the  moveable  Compafs  to  21  Degrees 
Eaft  in  the  immoveable  Compafs. 

2.  Stretch  out  the  Thread  over  N.  E.  by  E.  in  the  immoveable 
Compafs,  and  then  in  the  moveable  Compafs,  it  will  lie  on  35 
Degrees,  or  near  N.  E.  by  N.  the  Courfe  you  mull  fleer  to  allow, 
for  the  Variation  of  the  Compafs. 

Here  I  thought  to  deferibe  the  Azimuth  Compafs,  and  how  to 
obferve  by  it ;  but  confidering  it’s  an  Inltrument  eafily  underflood, 
that  Dilcourfe  may  be  fpared. 

^3 
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Example  r.  On  the  20th  of  May  1760,  the  Sun’s  Meridian  Al¬ 
titude  6  id.  08m.  South;  and  hts  Declination  2od.  08m.  North, 
What  is  the  Latitude  of  the  Place  of  Obfervation  ? 

b.  m. 

The  Sun’s  Zenith  Diftance  - — ■ — -  -  28  52  South 

Sun’s  Declination - - - - 20  08  North 

The  Sum  (by  Rule  2.)  is  theLat.  of  the  Place  49  00  North 
Example  2.  On  the  lit  of  July  1758,  the  Sun’s  Zenith  Diftance 
being  1  id.  50m.  North,  and  his  Declination  23d.  08m.  North. 
What  is  the  Latitude  of  the  Piace  of  Obiervation? 

d.  m. 

From  the  Sun’s  Declination - - -  23  08  Notth 

Subftrabt  the  Sun’s  Zenith  Diftance - 11  50  North 

The  Rem.  (by  Rule  1.)  is  the  Lat.  of  the  Place  11  18  North 
Example  3.  On  the  3d  of  June  1757,  the  Sun’s  Zenith  Diftance 
being  298.  15m.  South,  and  his  Declination  then  22d.  23m.  North. 
What  is  the  Lat.  of  the  Place  of  Obiervation  ? 

d.  m. 

To  the  Sun’s  Zenith  Diftance - - -  29  15  South 

Add  his  Declination  - -  — 5 -  -  22  23  North 

The  Sum  (by  Rule  2.)  is  the  Lat.  of  the  Place  51  38  North 
Example  4.  On  the  22d  of  Augujl  1758,  the  Star  Fomeibaut 
being  obferved,  and  his  Zenith  Diftance  2od.  17m.  North,  this 
Star’s  Declination  (in  page  178)  is  3od.  56m.  South.  What  is 
the  Latitude  of  the  Place  of  Obfervation  ? 

d.  m. 

To  the  Star’s  Zenith  Diftance  - - -  -  20  17  North 

Add  the  Star’s  Declination  - - -  3°  5^  South 

The  Sum  is  the  Latitude  required - 51  13  South 

Example  5.  The  30th  of  September  1759,  the  P'oot  of  the  Ci  o- 
fters  (by  fome  called  the  Cock's  Foot)  a  Star  much  ufed  in  Southern 
"Voyages,  being  obferved,  his  Meridian  Altitude  was  488.  ohm. 
South;  this  Star’s  Declination  (in  page  178)  is  6id.  31m.  South. 
What  is  the  Latitude  of  the  Place  of  Obfervation  ? 

d.  m. 

From  the  Crofters  Declination  - ■-  - - -  61  31  South 

Subftraft  the  Zenith’s  Diftance - -  — —  41  54  South 

The  Remainder  is  the  Latitude  required  -  19  37  South 

Cafe  2.  JVhere,  or  ivhen  the  Oljeft  obferved  doth  neither  Rife ,  mr 
Set  in  24  Hours  ;  that  is,  doth  not  in  the  Diurnal  Motion,  moiie 
below  or  under  the  Horizon. 


f 
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Note  1.  In  fome  Parts  of  the  Earthly  World,  both  the  Sun  and 
Stars  do  not  rife  or  let,  but  are  above  the  Horizon,  and  upon  the 
Meridian  of  the  fame  Place  twice  in  the  Space  of  24  Hours ;  and 
this  Tafteth  but  for  fome  Part  of  the  Year  with  the  Sun,  but  a’lways 
with  fome  Stars.  1 

Note  2.  When  the  Sun,  or  a  Star,  doth  neither  Rife  or  Set,  it 
cometh  upon  the  Meridian  below  or  under  the  Pole,  that  is,  be¬ 
tween  the  Pole  and  Horizon  ;  and  then  it’s  at  the  leaft  Meridian 
Altitude. 

Note  3.  Some  Stars  in  fome  Places  come  upon  the  Meridian 
both  below,  and  alfo  above  the  Pole,  that  is  between  the  Zenith  1 
and  the  Pole,  and  then  they  are  at  their  greateft  Meridian  Alti¬ 
tudes. 

Note  4.  Where  a  Star  cometh  upon  the  Meridian  both  below, 
and  alfo  above  the  Pole,  it’s  always  to  the  Northward,  both  in  its  f 
leaft  and  greateft  Meridian  Altitude,  or  elfe  always  to  the  South- 1 
ward. 

Note  5.  Again,  there  are  fome  Stars  come  upon  the  Meridian, 
to  the  Northward,  and  below  the  Pole  ;  and  to  the  Southward 
between  the  Zenith  and  the  Equinoaial  ;  and  alfo  to  the  South¬ 
ward,  and  below  the  Pole;  and  to  the  Northward  between  the 
Zenith  and  the  Equinoaial. 

Note  6.  When  the  Sun  cometh  to  the  Meridian  below,  or  a 
Star,  both  above  and  below  the  Pole,  the  Latitude  of  that  Place 
is  of  the  fame  Name  with  the  Sun  or  Star’s  Declination  :  That  is, 
if  the  Sun  or  Star’s  Declination  be  North,  the  Latitude  of  the 
Place  is  North  ;  but  South,  when  the  Declination  is  South. 

Note  7.  For  thofe  Stars  which  never  come  (the  Sun  never  doth  1 
come)  to  the  Meridian  above  the  Pole,  at  their  greateft  Meridian  1 
Altitude,  the  former  two  Rules  ferve  for  to  find  the  Latitude. 

/ 

V  'hen  to  find  the  Latitude  by  the  Sun  under  the  Pole ,  or  Stars  both 
under  and  above  the  Pole.  The  Rules  are  thefie. 

^ule  3.  The  Obje£t  obferved,  being  on  the  Meridian  below 

e  tT .  ,*•  the  .  of  the  Meridian  Altitude,  and  Complement  of  . 

1  e  i?cc  uiat*on*  *s  Latitude  required,  of  the  fame  Name  with 
the  Declination. 

Rule  4.  The  Objech  cbferved,  being  on  the  Meridian  above 
the  f  ole,  the  Difference  of  the  Meridian  Altitude,  and  the  Com-  ' 
p  ement  of  the  Decimation  is  the  Latitude  required,  of  the  fame  • 
Name  with  the  Declination. 

Example 


/ 
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Example  I.  Augujl  1,  1758,  the  San’s  Meridian  Altitude  be¬ 
low  the  Pole,  or  under  the  Pole,  was  found  to  be  5d.  30m.  and 
[his  Declination  i8d.  02m.  North;  What  is  the  Latitude  of  the 
Place  of  Obfervation  ? 

d.  m. 

To  the  Complement  of  the  Sun’s  Declination  71  58  North 
Add  his  Meridian  Altitude  below  the  Pole  —  5  30 

The  Sum  (by  Rule^.)  is  the  Latitude  — -  77  28  North 

Example  2.  On  December  the  1 8th,  1760,  the  Bull's  Eye  Al- 
debaran  came  upon  the  Meridian  under  the  Pole,  and  his  Meridian 
Altitude  was  obferved  to  be  9d.  10m.  this  Star’s  Declination  (in 
page  178.)  is  158.  58m.  North;"  What  is  the  Latitude  of  the 
Place  of  Obfervation  ? 

d.  m. 

To  the  Complement  of  Bull's  Eye  Declination  74  02  North 
Add  his  Meridian  Altitude  under  the  Pole  —  910 

The  Sum  (by  Rule  3-)  is  the  Latitude  - -  83  12  North 

Example  3.  On  June  the  11th,  1759’  F°ot  of  the  Crofters 
was  obferved  under  the  Pole,  its  Meridian  Altitude  2 id.  25m.  the 
Declination  of  this  Star  (in  page  178.)  is  6id.  31m.  South  :  I  de- 
I  mand  the  Latitude  of  the  Place  of  Obfervation  ? 

d.  m. 

To  the  Complement  of  the  Star’s  Declination  28  29  South 

Add  his  Meridian  Altitude - - - -  21  25 

The  Sum  by  {Rule  3.)  is  the  Latitude  - - -  49  54  South 

Example  4.  The  17th  of  February,  J761,  the  Northern  Pointer 
of  the  Great  Bear  came  to  the  Meridian  above  the  Pole,  and  his 
'Meridian  Altitude  was  56d.  10m.  this  Star’s  Declination  is  63d. 
05m.  North  :  What  is  the  Latitude  of  the  Place  of  the  Obferver  ? 

d.  m. 

From  the  Star’s  Meridian  Alt.  above  the  Pole  56  10 
Subftradt  the  Complement  of  his  Declination  26  55  North 

Remainder  (by  Rule  4.)  is  the  Latitude  -  29  15  North 


:  Chapter  XII.  A  Sea-Reckoning ,  or  Journal,  what  it  is , 
and  the  Manner  how  it's  kept ,  Directions  to  correct  it, 
with  an  Example,  and  the  Explanation  thei  eof. 


TH  E  keeping  a  good  Reckoning  or  Journal,  is  not  only 
the  Mariner  s  Reputation,  but  (under  God)  the  Preferva- 

tion 
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tion  of  a  Ship,  and  all  in  it  ;  the  Ignorance  thereof  has  been,  (j 
not  the  only,  I  may  fay)  the  chief  Caufe  of  lofing  divers  riel 
Ships,  and  many  dear  and  valuable  Lives,  and  thence  the  impo 
verifhing  of  feveral  Families. 

Then  certainly,  it  fhould  be  their  great  Concern,  to  he  ex 
pert  herein,  who  take  on  them  the  Navigating  Ships  to  remot 
Places,  when  fo  great  a  Truff  as  Mens  Lives  and  Eftates  ar 
repofed  in  them,  that  fo,  by  a  Knowledge  of,  and  a  conftan 
careful  Practice  in  keeping  an  exadt  Journal,  they  may  not  on) 
bear  the  Name  of  Navigators ,  but  thereby  prove  themfelves  dc 
fervedly  worthy  of  the  Title  of  Compleat  Artijls. 

And  for  the  compleat  keeping  a  Journal,  I  prefer  this  Methoi 
hereafter  following  ;  which  tho’  it  be  new,  and  ufed  by  few 
yet  I  doi*bt  not  but  when  better  known,  it  will  be  more  ii 
Pradlice  :  Now  that  you  may  rightly  underftand  what  it  is,  an 
how  to  keep  an  Account  of  the  Ship’s  Way  by  this  new  Form 
I  fhall  thus  explain  it. 

i.  Know  that  a  Journal,  or  Sea  Reckoning,  is  a  punflus 
writing  down  every  Day  (in  a  Book  fit  for  that  Purpofe)  th. 
O-u  ,  Difiance,  Difference  of  Latitude  and  Departure  th 
Ship  hath  made,  what  Latitude  and  Longitude  fhe  is  in;  an 
aho  the  Wind,  Weather,  with  all  Accidents  and  Occurrence 
that  happen. 

To  perform  which  after  the  baft  manner,  do  thefe  preparativ 
Things. 

Fir/i,  Provide  a  Folio  Book  of  2,  3,  or  4  Quire  of  large  Paper 
and  let  it  be  ruled  like  the  Log-Board,  (in  page  65)  with 
Columns,  taking  up  about  half  the  Breadth  of  each  page. 

The  5  Columns  may  be  marked  or  noted  at  the  Head  of  eaci 
Column  wuth  Letters,  thus  ; 

H  -'i  r  Hours,  under  it  are  the  Hqurs  of  the  Day. 

Wheth  £'ld  i  Moms,  \  run  out  that  Dav. 

I  Courles,  which  have  been  fleered  that  Day. 
'-Winds,  which  have  blown  that  Day,  b’c. 

■  Secondly.  Rule  12  Lines  crofs  the  forefaid  5  Columns,  ant 
fo  far  efunder,  that  on  Occafion  you  may  write  two  Lines  0 
writing  in  the  Spaces  between  thofe  Lines  ;  then  will  the  faro 
Ruling  ferve  for  an  Eaji -India  Voyage,  or  a  Ship  of  War,  it 
which  the  Log  is  heaved  out  every  Hour,  and  alto  for  othc 
Voyages,  where  it’s  ufed  every  two  Hours. 
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Thirdly ,  In' the  firft  Column  (marked  at  the  upper  End  with  H) 
mte  down  the  Hours  of  the  Day  ;  that  is  for  common  Voyages, 

4,  6,  8,  IO,  12,  and  2,  4,  6,  8,  10,  and  12  :  But  for  Eajl-ln- 
(ta  Voyages  or  Ship  of  War,  1,  2,  3,  &c.  to  12  at  Midnight; 
hen  X,  2,  3,  tsY.  to  12  at  Noon.  And  thus  far  is  the  Book  fitted, 
.nd  prepared  to  copy  off  the  Log- Board. 

i  Fourthly ,  Under  thefe  5  Columns  let  there  be  ruled  12  fhort 
Columns,  which  may  take  up  the  whole  Breadth  of  each  Page  of 
he  Book.  Thefe  may  be  intitled  as  in  the  Journal  following  this 
Jifcourfe,  (in  pages  274  and  275)  and  need  not  any  farther  Ex¬ 
planation. 

Now  fuch  a  Book,  fo  ruled  as  here  diredted,  each  Page  thereof 
will  contain  two  Days  Sailing,  with  all  appertaining  thereunto,  as 
hall  afterwards  appear. 

Firjl ,  Having  a  Journal-Book  thus  prepared,  and  now  on  your 
Departing,  the  firit  Thing  is  to  enter  the  Title  of  the  Journal, 
which  may  be  done  thus  :  In  the  Top  or  Head  of  the  full  Page  of 
he  Journal-Book,  write  the  Title  thereof  in  Words  after  the 
form  immediately  before  the  Journal,  in  Page  273. 

And  now  the  Book  is  compleatly  fitted  for  the  Ufe  intended, 
and  that  is  keeping  a  Sea  Reckoning,  after  this  Manner. 

2.  Next  under,  or  after  the  Title,  (write  in  the  blank  Space 
retween  the  fifth  Column  for  the  Wind,  and  the  Side  of  the  Bbok) 
::he  Year,  Month,  Day  and  Hour,  you  part  with  Sight  of  the 
Land,  and  alfo  the  Circumffances  and  Adtions  attending  the  fame, 
‘■Sc.  as  here  you  may  fee  in  the  two  firft  Sides  of  the  Journal ; 
jwhich  by  Reafon  of  the  Smalinefs  of  this  Book  reacheth  Pages 
274  and  275,  which  are  to  be  efteemed  but  as  one  Page,  or  Side 

I  of  the  Journal. 

3.  Every  Day  or  Noon,  write  in  the  5  Columns  the  fame  you 
find  written  on  the  Lag-Board ,  which  contains  the  Ship’s  Courfes 
fleered,  Dillances  run  by  the  Log,  what  Winds  have  blown, 
,what  Sails  handed,  and  when. 

•  4.  In  the  vacant  Space  of  the  Right-hand  of  thefe  5  Columns 
(which  takes  up  more  than  half  the  Breadth  of  the  Book)  exprefs 
the  Tranfadlions  of  that  Day,  as  Winds,  Weather,  Currents,  fet- 
ting  of  the  Sea,  handing  of  Sails,  meeting  or  parting  with  Ships, 
Death  of  Men,  Variation  of  the  Compals,  and  all  other  Acci¬ 
dents  and  Occurrences  whatfoever. 

5.  Then  corredt  the  feveral  Courfes,  by  allowing  for  Lee¬ 
way,  Currents,  and  Variation,  according  to  the  Nature  of 

them ; 
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them  ;  and  bring  them  into  one  Courfe  (by  Chapter  3,  Se&ion  l 
of  Plane  Sailing ,  in  page  64.)  by  which  you  will  find  the  Sh  3 
Diftance,  Difference  of  Latitude,  and  Departure  from  the  Mel 
dian,  which  being  fet  down  in  the  Columns  bearing  thofe  Titf  j 
then  (by  Chapter  3,  Section  3,  General  Rule  3,  in  page  58.)  f  I 
the  Latitude  the  Ship  is  in,  and  fet  that  in  its  proper  Colutr  ] 
(And  by  Chapter  4,  Se&ion  3,  Problem  5,  of  Mercator's  Sail’  I 
in  pages  96  and  97,  and  by  Sedbon  2,  of  the  fame  Chapter  1 
page  91.)  find  the  Longitude  the  Ship  is  in,  and  place  that  in  j 
12th  and  laft  Column  ;  and  thus  you  finifh  the  Days  Work.  ] 
For  Leeward ,  or  Leeway ,  the  Allowances  are  fuch'  as  in  th  ; 
eight  following  Cafes. 

Firjl,  The  Ship  being  upon  a  Wind,  allow  one  Point  t 
Leeway.  I 

Secondly,  The  Wind  blowing  hard,  fo  as  to  caufe  one  Top-'  l 
to  be  taken  in  ;  allow  two  Points  for  Leeway. 

Thirdly ,  When  it  blows  fo  hard  that  both  Top-fails  are  taken  , 
and  the  Sea  runs  high  ;  allow  then  three  Points  for  Leeway.  I 
Fourthly ,  The  P  ore-fails  being  furl'd,  and  the  Ship  tries  uni 
a  Main-fail,  and  a  Miffen ;  allow  four  Points  for  Leeway,  for  j 
then  makes  her  Way  about  four  Points  before  the  Beam  (as  I 
Sea  Phrafe  is.)  I 

Fifthly,  When  the  Ship  tries  under  a  Main-fail  only,  fhe  til 
makes  her  Way  near  three  Points  before  the  Beam,  that  is,  n  j 
five  Points  for  Leeway.  )| 

Sixthly,  If  the  Ship  tries  under  a  MifTen  only,  her  Way  is  ah  6 
2  Points  before  the  Beam  ;  that  is,  allow  6  Points  for  Leeway,  j 
Seventhly,  When  fhe  lies  a  Hull;  that  is,  with  all  her  S. ; 
furl’d,  her  Way  is  one  Point  before  the  Beam,  and  then  fevt 
Points  is  her  Leeway.  jl 

Eighthly,  If  the  Wind  hath  blown  hard  at  W8W.  and  m;  i 
the  Sea  run  high,  the  Ship  ftemnieth  South,  and  the  Wind  fhl 
ing  to  ESE.  then  whilft  the  Sea  continues  to  run  high,  it  flril ; 
the  Ship  on  the  Lee-Bow,  and  abates  the  Leeway. 

Note-,  In  all  thofe  eight  Cafes,  Refpect  mud  be  had  to  1 ; 
Smoothnefs  of  the  Water,  or  the  Sea’s  running  high,  and  thj 
the  Allowances  may  be  reftified  with  the  greater  Certainty,  i 
Jetting  the  Ship’s  Wake  by  a  Compafs,  placed  on  each  Rail  of  i ; 
Ship’s  Quarter,  which  is  ufually  fet  there  for  that  Purpofe. 

Thcfe  Dirc&ions,  with  a  Confideration  of  the  Ship’s  Tri  , 
Sail  abroad,  Strefs  of  Wind,  and  Growth  of  the  Sea;  being  [  t 
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PraCtice,  will  fo  improve  the  young  Navigator’s  Judgment, 
j  he’ll  feldom  fail  of  making  good  Allowance  for  the  Ship’s 
'■way. 

ji.  After  this  Manner  are  you  to  proceed  every  Day  from 
L>n  to  Noon,  which  is  the  beginning  and  end  of  the  Day 
ronomic,  the  Day  by  which  the  Mariners  keep  their  Sea¬ 
soning. 

.  Remembering  always  to  obferve  for  the  Latitude,  when  Op- 
itunity  prefents,  either  by  the  Sun  or  Stars  ;  That  being  the 
i;f  Thing  to  be  depended  on,  and  by  which  the  Reckoning  is 
firmed  or  rectified,  which  is  the  next  Thing  to  be  treated  of. 

3,  When  the  Latitude  by  Account  agrees  with  the  Latitude 
pblervation,  then  is  the  Reckoning  confirmed,  and  you  are 
:  it’s  kept  well. 

i).  But  if  they  difagree,  then  either  the  Ship  hath  out-run 
|ir  Reckoning,  or  your  Reckoning  hath  out-run  the  Ship ; 

1  there  is  fome  Error,  either  in  the  Courfe,  Diftance  failed, 
both  of  them  j  Now  fo  find  where  the  Error  lies,  confider, 
ether  there  be  a  Current,  or  not. 

io.  If  there  be  a  Current,  try  it,  and  find  which  way  it  fets, 

1  how  faft ;  and  by  that  correCt  both  Courfe  and  Diftance  ; 

1  if  that  makes  the  Reckoning  Latitude  to  agree  with  the  Ob- 
/ed  Latitude,  you  have  then  truly  corrected  the  Reckoning. 

But  if  you,  only  by  fome  probable  Reafon,  conjecture  there 
a  Current,  then  give  what  Allowance  you  think  meet  to  the 
fixrence  of  Latitude,  and  Departure,  and  fee  if  that  will  reform 
Itr  Reckoning  Latitude,  that  it  agree  with  the  obferved  Lati- 
e ;  if  fo,  you  have  guefled  well  (for  you  muft  ever  keep  to  the 
titude  by  Observation,  that  being  the  principal  thing  to  be  re- 
!l  upon)  but  if  it  will  not  agree  with  the  Obferved  Latitude, 
to  be  fuppofed  that  there  are  Miftakes  in  your  Conjecture,  ot 
me  other  Caufe  produces  this  Error  in  the  Reckoning, 
ir.  When  there’s  no  Current,  nor  any  Variation,  or  if  there 
either,  or  both,  and  they  are  allowed  for  according  to  Art  and 
(  afon,  and  yet  your  Account  will  not  agree  with  the  Obferved 
,  titude  ;  then  there  is  an  Error  either  in  Steerage,  or  in  the 
I  ,>g,  and  to  know  in  which  it  is,  take  this 


General  Rule. 

the  greater,  the  Error  is  in  the  j 


12.  When  there  is  an  Error  in  the  Courfe  fleered,  you  mull 
iter  the  Allowances  in  the  icth  and  nth  Rules  have  been 


madej 
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made)  then  only  correCt  the  Difference  of  Latitude,  and  fo  ma 
the  Latitude  by  Account  to  agree  with  the  Latitude  by  Obferv  1 
tion,  and  the  Work  is  done. 

13.  But  when  the  Error  lieth  in  the  Log,  the  Diftance  is  fauli  [<r 
and  this  is  the  Caufe  which  moft  ulually  makes  the  Difference  t  j 
tween  the  Obferved  Latitude,  and  the  Latitude  by  the  Accoui  S 
And  herein  are  two  Cafes. 

Cafe  1 .  In  North  Latitude ,'  failing  towards  the  North  ;  and  in  Sot  j 
Latitude,  Jailing  towards  the  South.  I 

If  the  Obferved  Latitude  be  greater,  then  hath  the  Ship  out-r  l 
the  Reckoning ;  but  if  it  be  the  lei's,  the  Reckoning  hath  out-r  ‘ 
the  Ship. 

Cafe  2.  In  North  Latitude ,  failing  towards  the  South ,  and  in  Soi  j 
Latitude,  failing  towards  the  North.  j 

If  the  Obferved  Latitude  be  greater,  then  hath  the  Reckoni  . 
out-run  the  Ship ;  but  if  it  be  lefs,  the  Ship  hath  out-run  t: 
Reckoning. 

14.  When  the  Ship  hath  out-run  the  Reckoning,  then  is  t, 
Reckoning  too  little,  and  the  Difference  between  the  Obferv,. 
Latitude  and  Reckoning  Latitude,  muff  be  added  to  the  North 
South  Column  in  the  Reckoning  ;  and  fo  doing  it’s  corrected. 

15.  But  when  the  Reckoning  hath  out-run  the  Ship,  then  is  fa 
Reckoning  too  great,  and  the  Difference  between  the  Obferved  L 
titude  and  Reckoning  Latitude,  muff  be  fubftraCted  from  the  Not 
or  South  Columns  in  the  Reckoning  ;  and  fo  doing,  it’s  correCtec 

16.  To  correCt  the  Departure  (the  Eaft,  or  Weft  Column  ( 
the  Reckoning)  when  the  Error  is  in  the  Diftance,  do  thus:  A 
up  the  N.  S.  E.  and  W.  Columns  from  the  Beginning,  if  it 
the  firft  Error ;  otherwife  from  the  1  aft  Error,  or  from  the  1: 
Obfervation  to  the  Day  of  the  prefent  Error  ;  in  order  to  find  t 
Difference  of  Latitude  and  Departure  ;  as  was  ftiewed  in  addi 
up  the  Columns  in  a  Traverfe. 

And  then  the  Proportion  to  find  the  Error,  or  Correction  in  ti 
Departure,  is  this  ;  j 

As  the  Difference  of  Latitude,  is  to  the  Departure; 

So  is  the  Correction  in  Latitude,  to  the  Correction  in  Departu:. 
Note ;  Correction  in  Latitude,  is  the  Difference  between  t 
Obferved  Latitude,  and  Reckoning  Latitude. 

The  Correction  in  Departure  mull  be  added  to,  or  fubftraCt 
from  the  Eaft  or  Weft  Column  in  the  Reckoning,  according 
the  14th  or  15th  Rule  aforefaid ;  and  fo  the  Departure  will 
corrected,  1 7.  1 
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17.  To  corrcCl  the  Longitude  do  thus;  Find  (by  the  Table  of 
Meridional  Parts)  the  Meridional  Difference  of  Latitude,  between 
he  obferved  Latitude,  and  the  Reckoning  Latitude,  and  then  the 
’roportion  is  this ; 

As  the  Corre&ion  in  Lat.  is  to  the  Correction  in  Departure  ; 

So  is  the  Meridional  Difference  of  Latitude,  to  the  Correction 
in  Longitude.  '  . ' 

Then  according  to  the  new  W ay  of  Computation  of  Longitude 
in  the  Mariner's  Compafs  Rectified,  if  the  Longitude,  and  its  Cor¬ 
rection  be  both  Eaft,  or  both  Weft,  add;  but  one  Eaft,  and  the 
other  Weft,  fubftraCt,  and  the  Longitude  is  corrected. 

And  having  gone  over  the  Rules,  and  Directions  about  keeping 
nd  correcting  a  Sea-Reckoning,  or  Journal ;  I  will  alfo  give  an 
Example  of  adjournal  of  an  intended  Voyage  from  the  Lizard  to- 
vafjls  Barbadoes,  that  the  foregoing  Rules  may  be  the  better  un- 
jlerfiood. 

And  altho’  this  following  Journal  be  but  an  Example  of  feven 
pays  (being  fo  defigned  that  this  Book  might  not  fwell  too  big) 
vet  it  may  be  of  fufficient  Intelligence  to  a  diligent  Reader,  for 
he  right  Underftanding  this  Method  of  Keeping  and  Correcting 
i  Sea-  Journal ;  efpecially  if  the  following  Explanation  be  delibe- 
ately  compared  with  the  preceding  Directions  ;  and  thereby  2s  in- 
orming,  as  if  the  whole  Series  of  the  Voyage  had  been  inferted, 
ivhich  &would  have  augmented  both  the  Book  and  its  Price,  but 
not  anfwei  able  to  the  Underftanding  thereof. 

Having  treated  about  Keeping  and  Correcting  a  Journal,  which 
:annot  well  be  done  ’till  the  Errors  in  the  Log-Line  and  Half- 
vlinute-Glafs,  are  rectified  ;  I  think  it  neceffary  here  to  fay  fome- 
hing  of  both. 

The  Manner  of  keeping  a  Reckoning,  or  Sea-Journal  (by  our 
Englijh  Navigators)  is  by  the  Log  Line,  and  Half-Minute- Glafs ; 
D ught  not  Care  then  be  taken  that  they  be  true,  elfe  a  Reckoning 
l.ept  by  them  muft  be  falfe  ? 

But  it  hath  been  an  ancient  Cuftom,  and  ftill  is  too  much  ufed, 
o  meafure  7  Fathom,  or  42  Feet,  between  Knot  and  Knot  on  the 
.,oo--]ine,  which  is  grounded  on  this  ConjeCfure,  That  5  Feet 
make  a  Pace,  1000  (fuch)  Paces  a  Mile,  and  60  (fuch  Miles) 
make  a  Degree  ;  that  is,  a  Degree  contains  300000  Feet,  and  a 
Vlile  (or  Minute)  5000  Feet;  and  becaufe  an  Half-Minute  of 
Time  is  the  1 20th  Part  of  an  Hour,  and  the  I2cth  Part  of  (a 
;  Tie)  5000  Feet,  is  almoft  42  Feet,  this  Meafure  is  therefore  too 
omrnonly  put  between  each  Knot  on  the  Log-line. 

But 
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But  this  Erroneous  Computation  hath  been  fufficiently  contra-  ,1 
dieted  by  Mr.  Oughtred ,  Mr.  Norwood ,  and  others. 

Mr.  Oughtred ,  in  his  Circles  of  Proportion ,  in  page  153,  doth  ; 
allow  661  Statute  Miles  to  a  Degree  on  the  Earth,  each  Mile  1 
being  5280  Feet,  fo  that  in  a  Degree  there  are  349.800  Feet.  .  .  1, 1 
And  Mr.  Richard  Norwood  in  his  Seaman  s  Practice,  page  43, 
doth  prove  a  Degree  on  the  Earth,  to  contain  367200  Englijh  Feet; 
but  at  length  confents  to  allow  360000  Feet  to  a  Degree,  and  fo 
6000  Feet  the  60th  Part,  to  be  one  Minute,  commonly  called  a  ; 
Mile;  fo  that  6000  Feet  fhould  be  the  Number  from  whence  the 
Knots  on  the  Log-Line  ought  to  be  deduced. 

Note ;  That  the  Meafure  of  a  Degree,  nearly  as  above,  has 
been  fully  proved  by  fubfequentExperiments,  and  is  now  generally 
received  by  Mathematicians.  |  j  1 

Therefore,  if  6000  (the  Feet  in  a  Mile  or  Minute)  be  divided  J 
by  120  (the  Half  Minutes  in  one  Hour)  the  Quotient  is  50  Feet; 
for  the  Diftance  of  each  Knot,  on  the  Log-line,  and  25  Feet  is 
half  a  Knot.  t 

Now  5  being  the  one  Tenth  of  50,  let  each  Fathom  on  the 
Log-line  contain  5  Feet ;  and  then  5  of  thefe  Fathoms  make  an 
Half  Knot,  and  10  of  them  one  Knot.  m 

And  according  to  thefe  Meafures,  let  every  Man  that  would 
keep  a  true  Reckoning,  and  give,  a  good  Account  of  his  Voyage, 
be  perfuaded  to  mark  his  Log-Line,  and  not  let  Cuftom  prevail 
above  Reafon. 

Hence  it  follow?.  That  if  a  Ship  runneth  out  one  of  thefe  Knots 
in  half  a  Minute,  fhe  runneth  one  Mile  or  Minute,  (the  60th  Part 
of  a  Degree)  in  an  Hour ;  if  2  Knots,  then  2  Miles';  if  3  Knots 
and  4  Fathoms,  then  Miles  3.4  ;  that  is,_  3  Miles  and  4  Tenths 
of  a  Mile  in  an  Hour,  and  fo  for  any  other.  And  by  fuch  a  Log¬ 
line  is  the  following  Reckoning  kept.  ; >;] 

The  like  Regard"  niuft  be  had,  that  the  Half  Minute  Glafs  be 
of  a  juft  Length,  otherwife  no  true  Account  of  the  Ship’s  Way 
can  be  kept:  Now  for  that,  take  an  approv’d  Experiment,  men¬ 
tioned  by  Mr.  Phillips ,  in  his  Advancement  of  Navigation ,  the  Se¬ 
cond  Part,  page  9,  as  follows. 

An  eafy  and  exadl  Way  to  meafure  an  Half-Minute  Glafs. 

Let  a  Plummet  of  any  Form  or  Weight  be  fattened  to  one  End II 
of  a  Thread,  or  Silk-ftring,  that  is  38^  Inches  long,  and  at  the! 
other  End  let  be  a  Loop  or  Noofe,  to  hang  it  on  a  fmall  Pin  or  Nail, 
fattened  in  anv  Place,  fo  that  the  Plummet  may  fwing  freely. 

Then  the  Loop  of  the  String  being  hung  on  the  Pin,  thc- 

Stringp 
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ring  385  Inches  from  the  Center  of  Gravity  to  the  Center  of 
Motion ;  that  is  38  §  Inches  from  the  end  of  the  Loop,  to  the 
liddle  of  the  Plummet,  and  the  Plummet  caufed  to  fwing ; 
jach  of  thofe  Swings  {hall  be  a  true  Second  of  Time,  and  30  of 
hem  the  juft  Length  of  an  Half-Minute-Glafs. 

Always  counting  the  Swings  both  forward  from,  and  back¬ 
ward  to  the  Perpendicular,  fuppofed  to  fall  upon  the  Pin  whereon 
te  String  doth  hang;, and  then  half  a  Second  of  Time  is  mea- 
jired  every  Time  the  Plummet  pafteth  from  the  Perpendicular,  to 
s  utmoft  Swing  either  way;  or  a  Second  is  reckoned  for  every 
u’me  it  pafles  the  Perpendicular. 

But  when  the  Ship  hath  any  confiderable  Motion,  make  the 
tring  7  Inches  fhortery  and  there  make  a  Knot  to  hold  it  by, 
ietween  your  Finger  and  Thumb;  then  by  an  eafy  Motion  of 
leWrift,  caufe  the  Plummet  to  afend  to  an  Angle  of  about  60 
degrees,  from  the  forefaid  Perpendicular  each  way ;  and  each 
Iwing  fhall  be  equal  to  thofe  before  mentioned :  So  that  by  this 
ixperiment  you  may  meafure  a  true  Half  Minute  of  Time 
/ithout  a  Glafs,  and  by  it  examine  the  Truth  of  thofe  you  have. 
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A  Journal  of  a  VOYAGE, 

(By  G  O  Ds  Permiflion) 

I  N  T  H  E 

e  o  r  g  e  c/London.  A.  B.  Commander. 
FROM  THE 

,  .  C  Latitude  4od.  57m.  North. 
wizard  in  |  Longitude  5d.  14m.  Weft. 

T  O  T  H  E 

„  ,  „  ,  ,  .  C  Latitude  lad.  58m.  North. 

{land  Barladoes  In  |  Longitude  53d.  50m.  Weft. 

Their  Difference  of  Longitude  53d.  36m.  Weft. 

The  Courfe  from  the  Lizard ,  S.  5od.  09m.  Weft,  or  bW.  5  W. 
Their  Diftance  in  that  Ruinb,  3463  Minutes. 

Kept  by  C.  D  Chief  Mate. 


Began  y,  January  24th,  1760. 


'■1. 
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2f.  The  24th  of  January ,  1760.  At  Noon,  we  faw  the 
Lizard  Point  bear  North  about  18  Minutes  or  Miles 
Diftance  from  us  :  We  had  variable  Winds,  frefti  Gales, 
clofe  hazy  rainy  Weather,  as  per  Columns. 

i  it*  \ 


In  Company  with  the  Succefs ,  Capt.  E.F.  Commander, 
bound  for  the  Eajl-Indies . 


$  25th,  our  Courfe  and  Diftance  made  good  this 
Day,  I  make  W.S.W.  137.4  Minutes,  with  Latitude, 
Meridional  Diftance,  and  Longitude,  as  per  Columns 
underneath. 


d.  m. 

O  Zenith  Dijlance  — 
G  Declination - - 


d.  m. 

O  Magnet.  Amplitude  48.49  ES, 
O  True  Amplitude —  29.51  ES. 


hat.  by  Obfervation — 


Variation 


18.58  W. 


Depart,  in  Min. 

Latitude  by 

Account  in 
deg.  and  min. 

Meridional 

Dijlance  in 
deg.  and  min. 

Longitude  by 

Account  in 
deg.  and  mirt. 

E. 

W. 

49.39  North 

05.14  w. 

127.5 

48.48  North 

0 

s> 

b 

< 

08.27  W. 

S  2 


Afternoon 
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SW  by  W. 
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7 

2 

W.S.W. 

8 

7 

10 

6 

2 

12 

6 

6 

Wind  and  Weather. 


N.E. 


Rain  and  Snow. 


Rain  and  Snow. 


N.E.  by  E. 


Rain 


E.N.E. 


Rain 


NE.  by  N. 


Rain 


N.E.  Lightning. 


NE.  by  E. 


N.E. 


E.N.E. 


Hail  and  Raiu 


Rain 


E. 


Sum  is  79 


1 


Rain 


Which  doubled,  is  Min.  159.6 


Month 

Days. 

IVeek 

Days. 

Month  and 
Tear. 

Lourje. 

Dijlance 
failed  in 
Minutes. 

26 

Tt 

Jan.  1760. 

s\vbw|w 

158 

' 

I 


Dijf.  of  Lat.  in  Min.l  1 


N. 

S. 

73-& 

$  The 
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$  The  25th  of  January ,  1760,  hard  Gales  of  variable 
Winds,  with  fome  Snow,  Hail  and  Rain. 


Our  Top-fails  reefed,  and  fo  have  been  ever  fince  we 
faw  the  Lizard.  A  great  fwelling  Sea  following  us,  and 
fetting  towards  the  S.S.W. 


Our  Courfe  and  Diftance  I  judge  to  be  S.W.  by  W. 
half  W.  158  Min.  with  Latitude,  Meridional  Diftance 
and  Longitude,  as  in  the  Columns  underneath. 


d.  m. 

O  Zenith  Diftance - 

O  Declination - 

Latitude  by  Obfervation 


d.  m. 

O  Magnet.  Amplitude  - - - 

O  True  Amplitude - 

Variation - — - 


Depart,  in  Min. , 

Latitude  by 
Account  in 
deg.  and  min. 

Meridional 

Diftance  in 
deg.  and  min. 

Longitude  by 

Account  in 
deg.  and  min. 

E. 

W. 

139.8 

47.34  North 

04.27  Weft 

11.58  Weft 

h  3 


Afternoon 
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&. 

3_ 


H. 

2 

4 

6 

8 

10 


K. 

6 

7 

8 

7 

8 

8 

8 

8 

8 

8 

6 

6 


F. 

of  5  Feet. 

3 

3 

■ - 

6 

2 

- 

— 

1 

7 

2 

C. 

Wind  and  Weather. 

SW  by  W. 

E.  Hail  and  Rain 

s.w. 

Handed  Fore-Top -fail  Rain 

N.E.  Rain 

f  «\ 

Rain 

Handed  Alain  Top-Sail  Rain 

Sum  is  90- 


Which  doubled  is  Min.  ibo.S 


Month 

Days. 

Week 
Days.  | 

Alonth  and 
Year. 

Courfe, 

D  fiance 
failed  in 
Alinuies 

27 

© 

Jan.  1760. 

s.w. 

180.5 

Corrected 

Cc 

by  Obfe 

rredted. 

rvation. 

Diff.  Lat.  in  A4in. 


N. 


S. 


_  .  J  S 


125.9 


24.O 


149  Q 


■  1 


J?  The  I 


towards  Barbadoes. 
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h  The  26th  of  January,  1760,  bad  Weather,  very 
hard  Gales,  thick  Air,  with  fome  Hail  and  Rain. 


A  great  Sea  after  us,  fetting  towards  the  S.S.W.  for 
;  thefe  three  Days  pall. 

fj  'j 

By  Obfervation  the  Ship  hath  out-run  the  Reckoning 
24  Minutes  South,  which  is  attributed  to  the  S.S.W. 
Sea. 

f  '  ,  :  1 

Our  Courfe  and  Dillance  corre£led,  is  S.W.  by  S.  3 
quarters  W.  205  Minutes,  with  Meridional  Dillance, 
and  Longitude,  as  underneath. 


I  t 
!  ! 


d.  m. 

0  Zenith  Diftance  63.36  S. 

O  Declination —  18.32  S. 

Lat.  byObfervation  45.04  N. 

d.  m* 

G  Mag.  Ampl.  10.20  WSL 
O  Drue  Ampl.  28.16  WS. 

Variation - 17.56  W. 

« 

Depart. 

E. 

in  Min. 

W. 

Latitude  by 
Account  in 
deg.  and  min. 

Meridional 
Difiance  in 
deg.  and'  min. 

Longitude  by  j 
Account  in  j 
dcz.  and  nun.  ' 

. 

129.4 

45.28  North 

06.36  w. 

15.07.  w. 

C9.9  00.24  South 

co.  1 0  W. 

00.14  W. 

139.3  45.04  North 

cb.46  w. 

45.21  W. 

S  4  Afternoon 
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Sum  is  69  - -  4  Which  doubled  is  Min.  138.8  Tenths  ^ 


Month 

Days. 
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Jan.  1760. 
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G  The  27th  of  January,  1760,  dofe  Weather,  with 
fome  Rain,  frefh  Gales,  and  variable  ;  with  a  great 
Sea  from  the  N.N.E. 


About  8  this  Morning  we  faw  a  Sail  on  our  Larboa-rd 
Quarter,  fo  far  off  that  we  could  but  juft  difcern  her. 

.......  •• 

I  iff* 

13  m .  ,  #  • 

Our  Courfe  and  Diftance  made  good  this  24  Hours, 

is  S.  4od.  57m.  W.  or  SW.  by  S.  half  W.  138  Min. 
with  Latitude,  Meridional  Diftance,  and  Longitude,  as 
hereunder. 


d.  m. 

G  Zenith  'Diftance  — 
G  Declination - 


d.  m. 

O  Magnet.  Amplitude  42.01  ES. 
O  Drue  Amplitude  —  25.46  ES. 


Lat.  by  Obfervation — 


Variation 


16.15  w. 


Depart. 

in  Min. 

Latitude  by 
Account  in 
dev.  and  min . 

0 

Aderidional 
Diftance  in 
deg.  and  min. 

Longitude  by 
Account  in 
deg.  and  min. 

E. 

W. 

9°-4 

43.20  North 

08.16  W. 

17.27  W. 

Afternoon 

r 
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8 

Sum  ie  62 - 0  Which  doubled  is  Min.  124 


5?^ 

Month  and 

Courfe. 

Di/lance 
failed  in 
Minutes. 

Diff.  of  Lat.  in  Min. 

£  -2 
* 

Tear. 

N. 

.  s- 

29 

$ 

Jan.  1760. 

S.S.W. 

r24 
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D  The  28th  of  January  ^  1760,  clear  Weather,  inter- 
nixt  with  fmall  Showers  of  Rain,  frelh  Gales,  and  a 
?reat  Sea  from  the  N.N.E. 


About  6  this  Morning  we  faw  two  Sail  on  our  Lar¬ 
board- bow,  which  we  judged  were  French  Men  af  War , 
svho  chafed  us  till  Sun-fet,  and  could  not  get  upon  us  ; 
then  they  lay  by,  fo  we  loll  fight  of  them. 


OurfCourfe  is  S.S.W.  124  Minutes,  with  Latitude, 
Meridional  Diftance,  and  Longitude,  as  per  Columns , 
aereunder. 


d.  m. 

0  Zenith  Diftance - 

0  Declination - - - 

Latitude  by  Olftervation 


d.  m. 

O  Magnet.  Amplitude  - - 

O  F rue  Amplitude - 

Variation - - - - - 


Depart. 

in  Alin. 

Latitude  by 

A  re  mint  i'll 

Meridional 

Dijlance  in 
deg.  and  min. 

Longitude  by 

Account  in 

1  E. 

W. 

deg.  and  ?nin. 

deg.  and  min. 

47-4 

41.25  North 

09.03  Weft 

18.32  Weft 

|  . 

r* - — - 
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Sum  is  C4  - -  7  Which  doubled  is  Min.  129.4 


Month 

Days. 

Week 

Days. 

Month  and 

Courfe. 

Diftance 
failed  in 
Minutes. 

of  Lat.  in  Mih 

Year . 

N. 

S. 

3° 

2 

Jan.  1760. 

South 

129.4 

129.4 

0  Zenith  Difiance 
O  Declination 
Lat.by  Obfervation 


Depart,  in  Min. 

Latitude  by 
Account  in 
deg.  and  win. 

E. 

W. 

39.16  North 
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of  5  Feet. 
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Wind  and  Weather. 
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Rain 

10 
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12 
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N.E.  by  N.  Rain 
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6 
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>  . 

E.  N.  E.  Rain 

•n 
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Cu 
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5 
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Sum  is  ^ 


Which  doubled  is  J43.2 


** 


Month 

Days. 

Week 
Days.  \ 

Month  and 
Tear. 

Courfe. 

Dijlance 
failed  in 
Minutes. 

31 

Jan.  1760. 

.  * 

South 

H3-2 

Corre&ion 

Cc 
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by  Obfervation. 

)rre£led* 

Diff.  Lat.  in  Min. 


N. 


I43-2 


34-o 


i77-2J 
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$  The  30th  of  January ,  1760.  Frelh  Gales  with 
'mail  Showers  of  Rain,  a  great  Sea  from  the  N.N.E. 


Since  the  27th  Inftant  (the  laft  Day  of  Obfervation) 
to  this  Day,  I  find  we  are  more  Southerly  34  minutes 
than  by  Account ;  and  (with  refpedl  to  the  Sea)  more 
Wefterly  14  Minutes  in  Meridian  Diftance,  which  makes 
yery  near  17  Minutes  in  Longitude. 


Our  Courfe  and  Diftance  corrected  by  a  good  Obfer- 
ivation,  is  S.  4d.  33m.  W.  or  S.  halfW.  177.5  Minutes, 
with  Latitude,  Meridional  Diftance,  and  Longitude  as 
here-under. 


d.  m. 

G  Zenith  Bijlance  53.47  S. 
G  Declination - 17.28  S. 


d.m. 

O  Mag.  Ampl.  09.07  WS, 
G  True  Ampl.  22.57  "WS. 


\Lat.by  Obfervation  36.19  N. 


Variation 


13.50  W. 


Depart,  in  Min. 

Latitude  by 
Account  in 
deg.  and  min. 

Meridional 
Diftance  in 
deg.  and  min. 

Longitude  by 
Account  in 
deg.  and  nun. 

i  E. 

W. 

36.53  N. 

09.03  W. 

18.32  W. 

14.8 

00.34  s. 

00.14  W. 

co.  1 7  W. 

14.8 

36.19  N. 

09.17  w. 

18.49  W. 

I. 

i 
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Chap.  XII. 


' 


The  Explanation  of  the  preceding  Journal 

IN  this  journal,  in  the  upper  Parr  reprefenting  the  Log  Boole, I 
there  are  five  Columns,  and  in  the  lower  part  there  are  twelve  I 
Columns  •  all  which  have  been  deferibed  in  the  Directions  immedi-  4 
aielv  before  the  journal  (in  page  266.)  The  Bufinefs  now  is  to  ex-  1 
plain  the  Manner  of  proceeding  in  this  Journal,  and  that  is  thus;  I 
The  firil  Page  of  the  Journal  (in  Page  274)  contains  the  Log-  4 
Roard  for  the  firfl  Day  after  our  departing  the  Lizard ,  which  was  1 
V.  the  24th  of  January,  1760-  aC  Noon,  the  Lizard  bore  *?.  18  Mi-  I 
,mtes  Didance,  &c.  as  in  the  Journal  (Page  275)  you  may  fee. 


Sunday  1© 
Monday  I  <L 
*T uefday  j 

TPednefday  $ 
Thurfday 
Friday 
Saturday 


S'  v »  <*•*  J  v  O  **  '  *  _  .  . 

But  becaufe  the  Week  Day  is  exprelfed  by  aCha.l 
rafter,  which  may  not  be  underflood  by  every  one 
(tho*  it’s  convenient  fo  to  write  them)  you  have  here 
the  Week-Days  with  their  Charafters.  J 

And  becaufe  the  Lizard  did  bear  North  tS  Minutes  , : 
Diftance,  therefore  make  the  Courfe  South,  and  placed 
Saturday  1;  1 8m.  in  the  Column,  under  Diflance,  &c  then  the  Di  f- 
ference  of  Latitude  is  18m.  which  accordingly  place  m  the  South  Co¬ 
lumn  and  fubtraft  it  from  the  Lizard  Lat  49d  s  7  m.  the  Remainder 
4od.  om-  is  the  Lat.  the  Ship  is  in,  at  parting  fignt  of  Land;  which  - 
tcordinMv  is  placed  in  the  Column,  under  Lat.  by  Account,  ©V.1 
And  in  the 1  all  Column  becaufe  the  Courfe  is  South,  place  the  Longi-  I 
(ode  of  the  'Lizard  jd-  ,4-  Weft,  and  all  rhat  Da, k  Work  ;s  done 
Then  from  the  24th  Day  at  Noon,  to  the  2«h  Day  at  Noon  you,! 
have  the  Courfes  and  Diilances  for  every  two  Hours,  wita  the  Wind 
-,nd  Weather  as  they  are  taken  from  the  Log-Board ;  and  all  other  1 

»"=  there  expreftid;  for  rhe  Par,  cnlar.  . 
whereof,  I  refer  to  tha  Journal  it  felf,  m  page  274.  The^leveral 
Courfes  and  Diilances  of  this  Day,  may  be  reduced  to  three  courfes  ; 
Thus,  ‘The  iVork  of  V  the  z^th  of  January,  1760,  being  the  firfi  Days 
Sailing,  in  the  preceding  Journal,  page  274. 

H.  K.F. 

At  4  W  SW..  5  ° 

6  The  fame  yC 

5  The  fame  5  5 
ti  The  fame  6.5 

2  The  fame  6. 1 

4  The  fame  6.1 

6  The  fame  6.3 
10  The  fame  6.0 
12  The  fame  6  0 


Sum’d  up  is  55.1 
That  is  WS  W  Min.  ictf.z 


H.  KF. 

At  2  W  by  N.  5.2. 
That  is  WbyN.  10.4 
AtToSVTby  W.5.5 
S  The  fame  6 


Sum’d  up  is  ii.j 


Courfe. 

Dift.  IN. 

S. 

E 

w 

~wTw~ 

ic6.il 

40.7 

98. 1 

W  by  N 

10.4  2.1 

12.  S 

10.2 

$W  by  W 

25-° 

101 

Diftance 

139.6 

53-5 

2.1 

Dep.  127.5 

Difference  of  Latitude 

51.4 

As 
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AsDiff.  Lat.  ..  Dep.  :  :  Radius  ..  T.  Courfe. 

As  m.  51  ..m.i27T4:  :T.  45d  ..  T  68°  3  '(SWIyorWSW, 

Then,  As  Sine  Courfe  Depart. :  :  Radius  ..  Diftance. 

As  S.  68d.  03m.  ..  m.  127.5  :  :  S.  god.  ..  m.  137.4 
So  that  the  Courfe  made  good,  is  S.  68d.  03m.  Wefterly,  or 
WSW.  neareft,  and  the  Diftance  137  Min.  4  Tenths ;  which 
jplace  in  their  proper  Columns,  as  may  be  feen  in  the  firft  Day  of 
the  Journal,  at  the  Foot  thereof  in  page  274. 

The  Difference  ©f  Latitude  m.  51  T|  (or  neareft  51  Min.) 
being  Southerly,  fubtratft  from  49d.  39m.  the  Latitude  at  part¬ 
ing  Sight  of  Land,  the  Remainder  4Sd.  48m.  place  under  Lati¬ 
tude  by  Account,  for  the  Latitude  the  Ship  is  now  in. 

jlgain,  the  Departure  127.5  Minutes  being  reduced  into  De¬ 
grees  makes  2d.  7m.  Wefterlyj  which  place  in  the  Column  un¬ 
der  Meridian  Diftance,  tsV.  in  page  275. 

Lajily ,  To  find  the  Longitude  the  Ship  is  now  in,  you  have 
both  Latitudes  49d.  39m.  and  48d.  48m.  the  prefent  Latitude, 
land  the  Latitude  of  the  Day  before,  with  the  Departure  min. 
127.5,  by  which  find  the  Difference  of  Longitude  as  directed  in 
Problem  5.  of  Mercator's  Sailing,  in  pages  96  and  97,  where 
the  Proportion  is, 

As  the  Difference  of  Latitude,  is  to  the  Departure,  fo  is  the 
Meridional  Difference  of  Latitude,  to  the  Difference  ot  Longit^ 


Min. 


d.  m. 


4  24 
2  25 


The  Meridional  Difference  of  Latitude  7S  Then  fay, 

As  51m  r%  ..  m.  127  :  ;  m.  78  ..  193.5m.  or  3d.  13m.  W. 

erly,  which  being  added  to  the  Longitude  of  the  Day  before  5 d. 
14m.  the  Sum  8d.  27m.  Weft,  is  the  prefent  Longitude,  which 
place  in  the  laft  Column  of  the  Journal  ;  then  that  Day’s  W of/t 
is  finifh’d. 

Then  from  the  25th  Day  at  Noon,  to  the  26th  Day  at  Noon 
(in  the  two  next  Pages  of  the  Journal )  the  Courfes  and  Diftances 
for  every  two  Hours,  the  Wind  and  Weather,  with  other  Cir- 
cumftances  attending^  taken  from  the  Log-Board,  are  fet  down; 
for  the  Particulars,  fee  the  Jcurual  in  pages  276  and  277. 

Now  the  feveral  Courfes  and  Diftances  of  this  Day  are  redu¬ 
ced  thus; 

The  Work  of  2  the  25  th  of  January,  1760,  the  fecond  Days 
failing  in  the  preceding  Journal,  in  Pages  276  and  277. 


T 


Firji 


w 
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H. 

K.  P 

Fir/Kz  WSW. 

6 

10  The  lame  7 

12  - 

7-1 

7- 

6  - - 

7-2 

8 

7- 

to - 

6.1 

12  - - 

(5.6 

Summed  up,  is 

54-  1 

That  is  WSW. 

108.2 

H.  K.F. 

Secondly ,  4  — - —  SW.  6. 

6  — The  fame  5.8. 

Summed  up,  is  — - -  i 1.8 

That  is  S  W.  — - —  21.6 

Thirdly,  8  SW  by  W.  j  71 
4  The  lame  I  6. 8 
Summed  up,  is- - - — •  •  ;.<> 


That  is  SW.  by  W.  278 


h 


So  that  the  Courfes  of  this  Day  are  thefe,  WSW.m.  ic8.: 
S  W.  m-  2  3.(5,  and  SW.  by  W.  m.  17. 8,  and  by  Chapter  3 .  Seth  on  4- 
of  Plane-Sailing,  in  Pages  84  and  6  5,  may  be  reduced  into  on< 
Courle  as  follows 


Courfes. 

Dijl.  N. 

S.  1  E. 

W. 

TVS  TV. 

S.  TV. 

SJV.  ly  TV. 

108.2 

23  6! 

27.8! 

4r-5 

t6.y 

15.4 

100  0 
16.7 
23.1 

Dijlance. 

159.6  Lat. 

73-6 

Dep. 

139.8 

AsDiff.Lat.  "Dep.  :  :  Radius  -T.  Courfe. 

Asm  73.<>  -m.  1:9.8  :  :  T.  45 d.-  T.  6id  14m-  South  Wefterlyi 
or  SW.  by*W.  \  W.  is  the  Courle  made  good. 

As  S.  Courfe  -  Departure  :  :  Radius  ••  Diltance. 

As  (5 2d.  14m."  m.  139.8:  :S.  9od.-  15S  Minutes.  1 

The  Difference  of  latitude  m.  73 .6  S.  and  the  Depart,  m.130  £ 
Wed,  make  the  Courfe  S.  6z<\  14m  W.  or  S.W.  by' W.  f  W.  ant/ 
the  Diltance  158  Min.  which  place  in  their  refpetfive  C6-{ 
lumns  in  the  Journal  for  the  Day  propofed,  in  pages  27 <5  and  277. 

Then  the  Difference  of  Latitude  m.  73.(5  or  id.  14m.  being; 
lubtra&ed  from  the  Latitude  the  Day  before,  48d.  48m.  the  Re- 
maindcr  47  d  34n}»  pLce  under  Latitude  by  Account,  for  the 
Latitude  the  Ship  is  now  in,  as  in  page  277.  ;i 

And  the  Departure  1T.13Q.8  near  140  Minutes,  being  equal  toa 
2d.  20m.  is  added  to  (becaufe  it’s  Welt,  had  it  been  Eaft  it  Jhould 
have  been  fubtradfed  from)  2d.  7m.  the  Meridian  Diltance  the;{ 
Day  before,  and  it  makes 4d.  27m  Welt,  for  the  Ships  whole  Mey 
radian  Diltance  from  the  Lizard,  which  place  under  it’s  proper 
Title,  in  Page  277. 

Laflly,  1  o  find  the  Longitude  the  Ship  is  now  in,  you  have  the' 
Latitude  4S1I.  4Sm.  arid  47d._  34m.  the  prelcnt  Latitude,  and  the; 
Latitude  of  the  Day  before,  with  the  Departure  m.  1 39.8,  by  which 
jou  may  find  the  Difference  of  Longitude  in  this  manner. 
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Courfes. 

Diji. 

N. 

S. 

E.  j  W. 

S.  W  by  W. 

'  s.  w. - 

12.6 

168.2 

T° 

x  18.9 

10.5 

1 18.9 

Dijiance 

180.8 

Diff  Lat. 

125.9 

Dep. 

I2Q..4 

d.  m.  Min. 

¥  ^  ll  at  S  48-i<8  ?.Mrr  Parte  ?’54  f’Un<1  -'n  Ac  Table  of 
Ti  26  ^at-  ?  47-  54  S  Mer*  1  am  t  3^2  Meridional  Parts. 

The  Mend.  Differ,  of  Latitude  ii  ,  And  th  n  lay. 

As  m-73.6"  mi  39  8  :  .m.in  --m.2io  7-*,  or  3d.  31m.  Weft-rly, 
which  being  added  to  the  Longitude  of  the  Day  before,  8d.  2701; 
the  Sum  r  id  58m.  Welt,  is  the  prelent  Lorig'tufe,  whicr  place 
in  the  'aft  Column  of  the  Journal,  in  page  277  3  and  the  iecond 
Days  Work  is  finilhed. 

Again,  In  the  two  next  pages  of  the  Journal,  are  the  Courfes 
Diftances,  Winds,  tdc.  taken  off  the  Log  Board  from  the  26th  Day 
at  Noon,  to  the  27th,  which  are  wrought  as  follows. 

%■ 

fhe  Work  of  T?  the  26th  of  January,  1760,  the  third  Days  Sailing 
in  the  preceding  Journal 


As  Diff  Lat,  Departure  :  :  Radius-  T.  Courfe. 

Asm.  125.9  -m.  129.4  :  T-45d.  -T^d.  47®-  s°utn  Wefterly 

or  SW.  is  the  Ships  Courie 
As  S.  Courfe ••  Departure  :  :  Radius-  Diftance.  _ 

As  S.  45-d.  47m.  ••  m  129.4  :  :  S.  9od.-  180  5  Minutes.  .  ' 

By  the  Work  above  it’s  evident  that  the  Difference  of  Latitude 
is  ni.  125.9  South,  the  Departure  m.  129  4  Welt,  wh'ch  makes  the 
CourfeS.  45b.  47m.  W.orSVV.  and  the  Diitance  80.5  Minutes 
very  near,  which  place  in  the  refpeclive  Columns,  in  the  Journal 
for  O  the  27th  of  January,  in  pages  278  and  279. 

Then  the  Difference  of  Latitude  m.  125.9  or  near  12S  Minutes, 
equal  to  2d.  6m.  South,  lubtraded  from  the  Latitude  of  the  Day 
before,  4?d.  34m. Remainder  is  thcL  titudeby  Account,  the  Snip 
is  in  45d.  28m  N.  which  place  in  the  10th  Column,  in  page  279. 

And  the  Departure  129  min.  or  2d  9m.  W-  ft,  b  mg  a  idea  to 
4d.  27m,  the  Meridian  Diltr.ce  of  the  D  iy  before,  makes  6d  36m. 
Weft,  the  whole  Meridian  Diitance  by  Account  from  the  /  fzard, 
wh'ch  place  in  the  iith  Coh  mn  ot  tne  journal,  in  piigc  2'9. 

And  now  having  both  Latit  ^d  34m.  and  *  sd  28m-  with  the 
Departure  m.  129.4  5  by  f  'md  the  Diff.  uf  Long,  thus. 

If,  l  lm-  \  f5d  ism*.  Parts  5  ¥4 1  Min  -s  £j*Z 

-  of  Mend- Parts. 

The  Meridional  Difference  of  Latitude  184  Min-. 

T  2  As 


i- 


«§ 


’ 
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As  m.  125.9  ••  m.  129.4  ::  184m.  ..  189.1m.  or  3d.  9m.  3 
Weft,  the  Difference  of  Longitude,  and  being  added  to  the  Lon¬ 
gitude  of  the  Day  before,  lid.  58m.  the  Sum  150L  07m.  is  the  [ 
Longitude  (by  Account)  the  Ship  is  now  in  ;  which  place  in  the ; 
laft  Column  of  the  Journal,  in  page  279;  and  this  Day’s  Work/ 
(as  to  the  Account,  or  Dead  Reckoning)  is  fimftied.  s 

V  But  on  the  faid  27th  of  January  at  Noon,  by  a  good  Obferva- 
tion  of  the  Sun,  I  find  the  Latitude  43d.  4m.  North,  whereas  by, 
the  Journal,  the  Latitude  is  43d.  28m.  North,  their  Difference  is 
24m.  South,  that  is,  the  Ship  by  Obfervation  is  24  Minutes  more  j 

Southerly  than  by  the  Reckoning.  .  c 

Wherefore  to  correct  the  Latitude,  place  24m.  in  the  bouth 
Column,  and  add  it  to  the  Difference  of  Latitude  m.  125.9,  it 
makes  min.  149  9  for  the  correded  Difference  of  Latitude;  alfo 
fubtra&  it  from  43d.  28m.  (the  Latitude  by  Account)  to  make  it 
aoree  with  the  Obfervation,  as  you  fee  is  done  in  the  Journal  for: 
the  faid  27th  Day,  in  pages  278  and  279.  . 

Then  to  correct  the  Departure,  confider  according  to  the  9th 
Rule  in  the  Diredions  for  keeping  a  Journal,  preceding  it  in  page] 
269,  whether  there  be  a  Current  or  no,  and  confuting  the  written] 
Journal,  I  find,  “  A  great  Sea  after  us ,  Jetting  towards  the  SSW. 
li  for  thefe  three  Days  $0)1”  ;  which  I  take  to  be  the  Caufe  of  this ! 
Error  of  24m.  in  the  Reckoning  Latitude  ;  and  therefore  (by  Prob-oj 
lem  2,  of  Plane  Sailing,  in  page  61.)  find  what  Departure  a  SSW.jj 
Courfe,  with  Difference  of  Latitude  24m.  will  make,  which  is : 


As  S.  6  Points ..  24m.  :  :  S.  2  Points ..  m.  9.941  the  Corrediont 
in  the  Departure,  which  place  in  the  Weft  Column,  and  add  itn 
to  the  Departure  m.  129.4,  it  makes  139.3.  for  the  correded  De-s 
parture:  Alfo  add  it  to  6d.  36m.  (the  Meridian  Diftance  by  Ac¬ 
count)  "it  makes  6d.  46m.  the  correded  Meridian  Diftance;  |S|) 
you  fee  in  the  11th  Column  of  the  Journal  in  page  279  :  And  to, 
corred  the  Longitude  by  the  17th  Rule  for  keeping  a  Journal  (ins 
pacres  270  and  271)  is  thus . 

0  d.  m.  min.  n 

_  ,  C  Account  45.28  7  M  p  (3069  7  found  in  the  T. 

Lat.  by  ^  Obferv.  45.04  5  1  ^  "  l  303&  J  of  Merid.  Parts. 


CorredioninLat.  —  24Mer.Diff.Lam.  33  Then,  ' 

As  24m.  ..  m.  9.941  :  :  33  Min. ..  13.67  Min.  the  Corredion 
in  Longitude  Weft;  which  being  placed  in  the  laft  Column.  I 
and  added  (for  that  by  the  Second  of  the  13th  Rule  pre-]j 
cedir.^  the  Journal,  in  page  270,  the  Ship  hath  out-run  thu 
*  Reckon-  * 
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Reckoning)  to  15  deg.  07  min.  the  Longitude  over  it,  the  Sum 
i5d.  21m  write  underneath,  which  is  the  con eded  Longitude 

Laftly,  To  find  the  Courfe  and  Diftance  agreeable  to  the  Cor- 
redion  by  Obfervation,  you  have  the  corrected  Difference  ot  La¬ 
titude  and  Departure  ;  which  according  to  Problem  6.  of  Plane- 

Sailing,  in  page  63,  is  thus :  ,  .  ,  n  j 

As  the  correded  Difference  of  Latitude,  is  to  the  correfled  De¬ 
parture  ;  fo  is  Radius,  to  the  Tangent  of  the  Courfe  correded. 
That  is,  _  .  0  . 

As  m.  ,4,.,  ..  m.  .39.3  :  :  T.  45‘t  ••  ,T-  +ld-  54”-  S°“th 
wefteriy,  or  SW.  by  S.  three  quarters  W.  is  the  correded  Courfe. 

As  S.  Courfe  ••  Depart.  :  :  Radius  ..  Diftance. 

AsS.42d.  54m. ..  m.  1 39-3  :  =  S.  9°d-  -J l°+-6  • 

So  that  the  Courfe  and  Diftance  correded  by  Obfervation  is 
SW.  by  S.  three  quarters  W.  205  Minutes  nearly,  which  write  m 
the  Journal  for  the  Laid  Day,  in  page  279.  Then  the  whole  is 
finilhed,  and  the  Reckoning  fet  to  Rights  for  that  1  im~. 

And  now,  having  largely  fhewed  the  Manner  of  thefe  three 
Days  Sailing,  how  they  are  wrought,  and  placed  in  their  proper 
Columns  in  the  Journal,  with  an  Example  of  a  Corredion  by 
Cceleftial  Obfervation ;  I  leave  the  reft  to  the  diligent  Learner  s 
Pradice,  for  they  are  done  after  the  fame  Manner.  n  t  e  31 
of  January  you’ll  meet  with  another  Corredion  for  your  1  rial, 
which  you  may  perform,  if  you  ftudioufly  compare  this  one  Exam¬ 
ple  with  the  preceding  Rules  and  Directions,  an  wit  requen 
Pradice  thefe  will  fufficiently  enlighten  the  W  ay,  the  Manner  how, 
and  the  Means  whereby,  to  keep  a  Journal  (in  this  eafy  and  com-, 
modious  new  Method)  with  greater  Certainty  than  hath  hitherto 

And  to  invite  all  to  keep  their  Sea  Journals  after  this  new  Me¬ 
thod,  which  I  dare  prefume  will  nearly  quadrate  with  the  Forms 

pradiced  by  the  Ingenious ;  I  have  caufed  Paper  Books  to  be  ruL-d 
and  inti  tied  (in  all  Refpeds)  like  to  the  Journal  foregoing. 

Which  you  may  be  furnifhed  with  at  reafonable  kytes,  by  /  . 
and  J.  Mount,  T.  Page  and  Son,  in  Pojiern-Row  on  Tower- 11:... 

I  ;  i"*,'  *  '  5 

Here  follow  feveral  T ABLES  ufeful  in  Navigation,  with 
tkeir  Defcription  and  Ufes  briefly  -and  flap  exp.atne^ .. 

!  ♦ . 

I.  a  Table  of  the  Difference  of  Latitude  and  Departure  from 
**  the  Meridian.  A 

T  3  U>  As 


JJ- 

I  ' !'} :  i 
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.  II.  A  Table  of  Meridional  Parts,  for  the  making  Mercators 
Charts ,  and  working  Queflions  in  that  kind  of  Sailing. 

III.  A  Table  of  Proportional  Parts,  for  fupplying  every  Mi¬ 
nute  of  Latitude  in  the  Fable  of  Meridional  Parts.  •: 

IV.  A  Table  of  Logarithms  from  1  to  10  000. 

V.  A  F able  of  Artificial  Sines,  Tangents,  and  Secants  to  every  De-  ■ 
grce  and  Minute  of  the  Quadrant,  the  Radius  being  10.000000. 

VI.  A  Table  of  Angles,  which  every  Rhumb  (or  Point  of  the  ' 
Compafb)  maketh  with  the  Meridian. 

All  of  them  carefully  Corrected  and  exa£t!y  Printed.  J 


Chap.  I,  The  Explanation ,  and  general  Ufe  of  the  Table  of 
Logarithms ,  and  Table  of  Sines ,  Tangents  and  Secants. 

r~jf  HE  Table  of  Logarithms  being  of  more  general  Ufe  than  any 
other,  I  begin  with  it,  although  it  be  one  of  the  laft  in  this  Book.  ' 

■  i 

SetShon  I.  The  Ufe  of  the  Table  of  Ten  Thoufand  Logarithms,  " 
beginning  at  Page  315. 

'T'PIIS  Table  hath  its  firft  Page  divided  into  fix  Columns,  and 
all  the  following  Pages  into  feven  Colums,  and  containeth  the 
Logarithms  fos  all  Numbers,  incrcafmg  in  their  Natural  Order,  . 
from  1,  to  10.000;  after  this  Manner. 

*  •  I  Tirft,  Third  and  Fifth  Colums  of  Page  315,  contain 
Numbers,  encrealmg  in  their  Natuial  Order,  from  1  to  100,  the 
other  three  Columns  contain  the  Logarithms  of  them. 

2.  Fhe  Left-hand  Column  of  each  following  page  (from  t>a^e  1 
316  to  page  357)  contains  Numbers  encreafing  as  before,  from  100, 
to  999;  the  next  five  Columns  of  each  page,  contain  the  Loga- 
mnms  of  all  Numbers  from  1000,  109999  :  Thofe  on  the  Left- 
hand  page  are  dift.nguifhed  at  the  Top  with  the  Figures  0I1I2I2I4, 

thoie  on  the  Right-hand  with  thefe  Figures,  5I6I7I8I9.  "  t 

3.  The  Numbers  in  the  Left-hand  Column,  (under  Numb.)  in 

each  page,  with  the  joining  thofe  Figures  at  the  Top  of  the  other 
I  en  Columns  are  extended  from  1000  to  9999. 

4.  The  laft  Column  of  each  page  uneer  Diff.  at  the  Top,  con-*  i 
taim  .  .  th'- DifFeience  of  the  Logarithms  fucceflively  in  thatColumn. ,  ) 

1  -ie  Manner  of  tveading  them,  and  their  general  Ule,  fhall  be 
explained  in  the  following  Propolitions.  I 

PropofitTon  r.  A  whole  Number  under  100,  being  given  ;  to  find  the 

Logarithm  thereof.  J 

Toe  Rule.  Turn  to  the  Fable  of  Logarithms,  and  in  the  Firft, 

2  Third 

_ 


/ 
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Third,  or  Fifth  Column,  of  page  3*5>  under  (Numb.)  at  the 
lop,  ,100k  for  the-given  Number,  and  in  the  next  Column  under 

'Logar.)  is  the  Logarithm  fought.  .  . 

Example.  Suppofe  the  given  Number  was  1 9  ;  What  is  it  s  Lo¬ 
garithm?  .  ,%T  ,,- 

Look  in  the  firft  Column  of  page  315,  under  (Num.)  for  19, 
and  in  the  next  Column,  under  (Logar.)  is  1.278754,  which  is 
!.he  Logarithm  of  19  :  After  the  fame  Manner  you  will  find  the 

r  0.301030 


Logarithm 


to  be 


.000000 
1.653212 

V  -7  nnnnnn 


_  100  J  v  2.000000 

Note  1.  In  every  Logarithm,  the  firft  bigure  or  Index  (to  the 
Left-hand,  is  called  the  Chara&eriftic,  Index,  or  Noting  Figure, 
land  it  ferveth  to  fhew  how  many  Places  the  Abfolute  or  Natural 
jNumber,  (thereunto  belonging)  doth  contain. 

Note  2.  The  Chara&eriftic  or  Index  of  every  Logarithm,  is  an 
Unit  lefs  than  the  Number  of  Places  in  its  correfpondent  abfolute 
Number.  That  is,  .  , 

All  Numbers  from  1  to  10,  the  firft  Figure  of  their  Logarithms 
is  o,  from  10  to  100,  is  1  ;  from  100  to  xooo  is  2  ;  from  rooo  to 
10.000  is  3;  from  1 0.000  to  100.000,  the  Characteriftic  or  In-  ^ 
dex,  of  their  Logarithm  is  4,  &c. 

Propofition  2.  A  Number  that  confijis  of  three  Places ,  being  given-, 
to  find  its  Logarithm. 

The  Ride.  Seek  the  given  Number  in  the  firft  Column,  of  the 
Left-hand  Page  under  (Num.)  at  the  Top  ;  juft  againft  that  Num¬ 
ber,  and  in  the  next  Column  under  (0)  at  the  ^  op,  you  will  find 
a  Number  of  6  Places  befides  the  Index  Figure  correfpondent  to 
the  given  Number ;  that  intire  Number  is  the  Logarithm  bought 
Example.  I  clefire  to  know  the  Logarithm  belonging  to  the  Abfio- 

I'de  Number  215?  _  , 

In  the  firft  Column  of  page  320  under  (Num.)  you  11  find  215, 
and  right  againft  it  in  the  next  Column  under  (0)  at  the^  I  op,  is 
.332438,  befides  2  the  Index  Figure  proper  for  215,  the  inti»e 
'Logarithm  is  2.332438,  for  the  Number  215. 


In  like  Manner 
the  Logarithm  of 


< 


l 


21.5 

2.15 

0.215 

0.369 

3-69 

36-9 

369- 


1  332438 

0^32438 
1J32438 

)>  *s  (\  1  567026-* 

0.567026  (in  Page 
1.567026  r  328 
^  2.567026  3 


T  4 


Here 


i, !  | 
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zgS  ’I  he  Ufe  of theTable  of  Logarithms.  Chap.  I, 


Here  Note,  That  when  the  given  Number  is  a  Decimal  Frac- 
tion,  the  Index  hath  a  Dafh  over  it,  whieh  by  fome  i»  called  a 
Negative,  being  it’s  the  Index  of  a  Logarithm  whole  correfpon-; 
dent  Abfolute  Number  is  Lefs  than  an  Unit. 

Proportion  3.  A  Number  confijling  of  four  Places  given ;  to  j. 
find  the  Logarithm  thereof. 

The  Rul(.  Seel^  the  three  firft  Figures  of  the  given  Number  in 
the  Left-hand  Column,  under  ( Num .)  and  the  Fourth  or  laft 
Figure  at  the  Top;  then  in  the  Common  Angle  of  Meeting  is 
a  Number  or  fix  Places  (befides  the  Index  Figure)  before  which, 
if  you  place  or  prefix  its  proper  Charafteriftic  or  Index,  you’ll 
then  have  the  Logarithm  fought. 

F.xample.  What  is  /^Logarithm  of  2157  ? 

In  the  Left-hand  Column  of  Page  (320)  under  [Num.)  find 
215,  and  7  at  the  Top  of  page  (321)  then  right  againft  (215) 
pnd  under  7  you’ll  find  (befides  its  Index  Figure)  .333850  ;  be-' 
fore  which  prefix  its  proper  Index  3,  and  it’s  3.333850,  the 
^Logarithm  of  2157.  like  Manner,  */ 

’2-33385o  f1 

i-33385° 

0^33850 

£333850 

2T3385o 
3-333850 

2^67614')  i 

'•5^1+  !  ,„  p 

°'5A7fcHNJ9-  ! 

I.567614  |  •>  * 

[2.567614J 

A  Logarithm  being  given  to  find  the  Abfolute 
Number  thereunto  belonging. 

This  is  bu£the  Converfe  of  the  former  Propofitions,  and  there¬ 
fore  according  to  Chapter  1.  Note  2.  in  page  295. 

The  Ride  is,  l.  The  Charafteriftic  or  Index,  will  declare  of. 
how  many  Places  the  Correfpondent  Abfolute  Number  doth  confift.  | 

2.  For  if  the  Index  be  (0)  or  (1)  feek  the  given  Logarithm  in 
page  315,  of  the  Table  of  Logarithms ;  and  when  it’s  (2)  feek 
it  in  the  following  pages  after  page  315.  But  when  it’s  3,  4,  or 
5,  &c.  reject  the  Index  and  feek  the  remaining  Figures  amopg 
the  Logarithms  as  before,  and  the  Number  againlt  it  is  theNum- 


The  Logarithm  oK 


'2157 

21.57 

'  * 

2.157 

0.2157 

0.02157 

0.002157 

0.03695 

0.3695 

3-695 

36-95 

13695 

L 

Propofitjon  4. 


her  fought. 


Ex- 
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Example.  Let  the  given  Logarithm  be  0.698970.  What  is  the 
Jbfolute  Number  belonging  thereunto  ? 

This  Logarithm  0.698970  ,you  will  find  in  the  fecond  Columa 
of  Page  315,  under  ( Legar .)  at  theTop,  and  right  againft  it  in 
'the  Left-hand  Column  under  ( Num .)  there  is  (5)  which  is  the 
Abfolute  Number  fought. 

Example  2.  I  demand  the  Abfolute  Number  Correfpondent  to 
this  Logarithm  1.653212? 

Look  down  the  fourth  Column  of  Page  315,  and  you’ll  find 
1.653212  under  (Logar.)  to  ftand  againft  45  under  (Num.) 
which  is  the  Number  required. 

Example  3.  What  is  the  abfolute  Number  anfwerable  to  this 
iLogarithm  2.332438  ? 

The  Chara&eriftic  or  Index  2',  fheweth  the  Number  fought 
doth  coufift  of  three  Places;  and  in  the  fecond  Col umu  of  the 
Left-hand  Page  under  (0)  at  theTop,  in  Page  (320)  you  will 
find  the  aforefaid  Figures  2.332438  to  ftand  againft  (215)  in  the 
ifirft  Column  under  (Num.)  therefore  the  given  Number  fought 
is  21 5. 

Example  4.  Suppofe  the  given  Logarithm  be  3.33385°  5  J^hat 
is  the  Abfolute  Number  agreeable  therewito  ? 

Rejedt  3  the  Index,  which  declareth  the  Number  fought  con- 
Ififts  of  four  Places:  and  then  looking  down, the  feeond  Column 
of  the  Left-hand  Page,  you  will  in  Page  (320)  find  the  neareft, 
(lefs  than  .333850  the  given  Logarithm,)  to  be  .332438,  and 
the  Number  againft  it  in  the  Left-hand  Column  is  (215);  then 
look  a-crofs  the  Pages  in  the  fame  Line  diredf,  towards  the  Right-¬ 
hand,  from  the  faid  215,  and  under  7  at  the  Top  in  Page  (321) 
you  will  rind  the  given  Logarithm  .33385°>  therefore  215 
jn  the  Left-hand  Column,  and  the  7  at  theTop  being  put  toge¬ 
ther,  make  2157  the  Number  required. 

fiedlion  II.  The  Ufe  of  the  Table  <j/.Artifical  Sines,  Tangents, 
and  Secants,  beginning  in  Page  358. 

TH  I  S  Table  followeth  next  after  the  Table  of  Logarithms* 
and  contains  the  Logarithmic  Sine ,  Tangent ,  and  Secant  to  eve¬ 
ry  Degree  and  Minute  of  the  Quadrant,  after  this  manner. 

i#  Every  Page  is  divided  into  8  Columns,  the  fird  and  laft  of 
which  containable  Minutes  of  every  Degree,  and  the  other  6, 
the  Logarithmic  Sine,  Tangent  and  Secant  to  thole  Degrees  and 
Minutes.  z‘  1  “9 
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2.  The  I  |  hand  Column  of  each  Page  £  '  Min. 

at  the  j  poQt  >  of  the 'Fable  containeth  the  Minutes  of  thofe 
Degrees  which  arejJmore  f  than  45,  and  increafe  in  their 
|  "AfcenT  j  *™m  0  t0  Minutes. 

The  Explanation  is  in  the  Propofitions  following.  1 

Propofition  5.  To  find  the  Sine,  Tangent,  and  Secant  of  any  De¬ 
gree  and  Minute  given.  f 


(  more  } than  45>  its  found  ifi 

thofe  Columns  which  have  the  Words,  Sine,  Tangent,  Secant, 

,  {  Head 

at  the 


The  Rule.  If  the  Degree  be  j 
Columns 


Example  1.  I  demand  the  Sine,  Tangent,  and  Secant  of 
25d.  15m. 

Look  for  25  Degrress  (in  page  408)  at  the  Head  or  Top  of  thel 
Table,  in  the  firft  Column  (of  the  Left-hand  Page)  under  (Min.) 
at  the  Top,  look  downward  for  15;  againft  which,  and  (in  page 
408)  under  (Sine)  you  will  find  9.629989,  which  is  the  Sine  of 
25d.  15m.  Alfo  againft  15,  and  under  Tang,  you  have  9.673602, 
the  Tangent  of  23d.  15m.  Likewife  againft  15,  and  under  Secant,, 
you  have  10.043613,  the  Secant  of  23d.  15m. 


Example  2.  Suppofe  you  are  to  find  the  Sine,  Tangent  or  Secant 
»f  33d-  45m* 

Turn  to  33  Degrees  (in  page  424)  at  the  Head  of  the  Table, 
and  in  the  firft  Column  upon  the  Right-hand  Page,  under  ( Min.) 'j 
at  the  Top  (of  page  425)  find  45  ;  right  againft  which,  and  un-: 
der  (Sine)  at  the  Head  of  the  Table  (in  page  425)  you  will  find 
9-744739>  which  is  the  Sine  of  33d.. 45m.  Alfo  againft  45,  and 
uoder  (Tang.)  you’ll  have  9.824893,  the  Tangent  of  33d.  45m. 
Likewife  againft  45,  and  under  ( Secant )  is  10.080154,  the  Secant; 
of  33d.  45m. 

Example  3.  Let  it  be  required  to  find  the  Sine,  Tangent,  or  Se- 
4  cant  of  56d.  15m.  1 

Seek  56  Degrees  (in  page  425)  at  the  Foot  or  Bottom)  of 
the  Table,  and  in  the  Right-hand  Column  of  (page  425) 
o vex  (Min.)  at  the  Foot  of  the  Table  look  upwards  for  15; 

then'  ] 
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ien  ageinft  15,  and  over  Sine  (at  the  Foot  of  the  Table)  you 
nave  9.919846,  the  Sine  of  56d.  15m.  Alfo,  againft  15,  and 
,ver  (Tang.)  you  will  find  10.175107,  the  T  angent  of  56L  15m. 
,'kewife  againft  15,  and  over  (Secant)  you’il  find  10.255/61  the 
ecant  of  56d  15m. 

Example  4.  Suppofe  it  were  required  to  find  the  Sine,  Tangent  or 
ecant  of  51m. 

Turn  to  67  Degrees  at  the  Foot  of  the  Table,  in  (page  402.) 
nd  in  the  Right-hand  Column  of  that  page  over  Min.  at  the  Foot 
f  the  Table,  look  upwards  for  51  ;  then  againft  51,  and  over 
Sine  in  page  402.)  you’ll  find  the  Sine  of  67d.  51m.  to  be 
.966705]  and  the  Tangent  in  the  fame  Line,  over  (Tang.)  to 
10.390326  ]  alfo  the  Secant  to  be  10.423621. 

’ropofition  6.  A  Sine,  T angent,  or  Secant  being  given ;  to  find 
the  Degrees  and  Minutes  anfwering  thereto. 

And  that  the  Learner  may  the  more  readily  turn  to  the  Degree 
r.d  Minute  required,  let  him  oblerve  this  brief  Rule. 

(  Sine  7  (  l  ji-jv.  7  ~  T  9  8494 1 

S  Tang.  >  and  the  ift  Figures  <  J  >  £  <  10.0000  > 

tSecant)  (.more  3  3  C10.1505J 

is  a  j  Tang.  ^  £  than  45  Degrees. 

L  Secant  more  3 

Example  1.  Suppofe  it  was  required  to  find  the  Degrees  and  Mi- 
utes  anfwering  to  this  Sine,  9-739205* 

This  according  to  the  preceding  Rule,  being  the  Sine  of  lefs 
lan  45  Degrees,  I  run  over  the  Columns  which  have  (Sine)  at 
lie  Head  of  the  Table,  and  under  33  Degrees,  and  againft  16, 
n  page  424)  1  find  the  given  Sine  ]  therefore  the  Degrees  and 
'Iinutes  fought  are  33d.  16m. 

Example  2.  Suppofe  you  are  to  find  the  Degrees  and  Minutes 
rrefpondent  to  this  Tangent  10.183966. 

Running  over  the  Columns  which  have  (Tang.)  at  the  Foot  of 
iie  Table,  you’ll  (in  page  424)  over  56  Degrees,  and  right  againft: 
7  (Min  )  the  neareft  lefs  to  be  10.183893.  Therefore  the  neareft 
orrelponding  Degree  and  Minute  is  56d.  47m.  In  like  Manner 
p  for  any  other. 

Prop'dition  7.  To  find  the  Sine  Complement,  Tangent  Com- 
■ment,  or  Secant  Complement  of  any  Degrees  and  Minutes. 

The  Rule.  Subtraft  thofe  Degrees  and  Minutes  from  90  De- 
tees,  and  then  take  the  Sine,  Tangent,  or  Secant  of  the 

Re- 


•  ? . 
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Remainder  according  to  Propofition  5.  in  page  298  ;  which  will  b  j 
the  Sine  Complement,  Tangent  Complement,  or  Secant  Comple 
ment  required. 

Example.  Suppcfe  it  be  required  to  find  the  Sine  Complement 
Tangent  Complement ,  or  Secant  Complement  of  33d.  45m. 

Subtrad  33d.  45m.  from  9od  Degrees,  the  Remainder  is  56c 
15m.  whofe  Sine,  Tangent,  or  Secant,  according  to  Propofition  « 
in  page  298,  is  the  Sine  Complement,  Tangent  Complement,  c 
Secant  Complement  required. 

Propofition  8.  To  find  the  Sine,  Tangent,  or  Secant  of  any  Num 
her  of  Degrees  and  Minutes  which  exceed  90  Degrees.': 

The  Rule.  Subtrad  thofe  Degrees  and  Minutes  from  180  De¬ 
grees,  and  feek  (according  to  Propofition  5,  in  page  298)  the  Sim 
Tangent,  or  Secant,  of  the  Remainder,  which  will  be  the  Sint 
Tangent,  or  Secant  required. 

Example.  Suppofe  you  are  to  find  the  Sine  of  I32d.  17m. 
Subtrad  I32d.  17m.  from  180  Degrees,  the  Remainder  i 
4/d.  43m.  the  Sine  of  which  is  the  Sine  required. 

Propofition  9.  To  find  the  Complement  Arithmetic  of  any  Logarithm 
given. 

The  Complement  Arithmetic  of  a  Logarithm  is,  what 
wanteth  of  1 0.000000  or  20.000000,  and  is  ufed  to  avoid  Sut 
traction  ;  For  finding  it,  this  is,  " 

The  Rule.  Take  the  Refidue  or  Remainder,  of  the  firft  Figui 
to  9,  and  fo  of  the  reft,  until  you  come  to  the  laft  Figure,  <1 
which  take  its  Remainder  under  10,  and  it’s  done.  -;| « 

Example  1.  I  would  have  the  Compl.  Arithmetic  of  9.625948? 
For  the  firft  Figure  9  write  o ;  for  6,  3 ;  for  2,  7  ;  for  5,  4 
for  9,  O ;  for  4,  5  ;  and  for  the  laft  Figure  8,  write  2  :  And’li 
you  have  0.374052,  for  the  Complement  Arithmetic  fought.  "I 

Example  2.  The  Complement  Arithmetic  of  10.331327  is  rJ 

quire  d  ? 

For  o  (always  rejeding  the  firft  Figure,  when  there  are  tv 
Figures  in  the  Charaderiftic)  write  9 ;  and  fo  on  as  before  d 
reded,  and  then  you  will  have  9.668673,  which  is  the  Comple 
rpent  Arithmetic  of  10.331327. 

CHAl 
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H  A  P  T  E  R  II.  * The  Explanation  and  Ufe  of  the 
Table  of  Difference  of  Latitude  and  Departure  from  the 
Meridian ,  in  Page  306  and  307. 

THIS  Table,  tho’  Handing  in  fo  litte  Room  as  two  Pages,  will 
give  the  Difference  of  Latitude  and  Departure  for  any  Diftance 
■un,  under  10.000  ;  and  for  every  Quarter  Point  of  the  Compafs. 

The  Courfe  ftands  at  the  Head  and  Foot  of  the  Table  ;  at  the 
Head  it  begins  at  |  Point,  and  then  £  Point,  I  Point,  increasing 
forward  to  4  Points. 

At  the  Foot  it  begins  at  4  Points,  and  then  4  |  Points,  4  § 
Points,  4  |  Points,  increafxng  backward  to  7  £  Points. 

The  Diftance  run  is  placed  in  the  two  outermoft  Columns  of 
each  Page,  under  and  over  the  Word  Dift.  both  at  the  Right-hand 
land  at  the  Left-hand,  beginning  at  1 ;  and  increafing  downward  to 
IO,  about  Half-way  each  Page  ;  and  then  beginning  again  at  x,  and 
from  thence  increafing  to  10,  at  the  Foot  of  each  Page. 

The  Difference  of  Latitude  and  Departure  from  the  Meridian, 
ftand  under  the  Courfe  at  the  Head  of  the  Table,  and  over  the 
Courfe  at  the  Foot  thereof ;  which  are  diftinguifhed  by  the  Words 
Lat.  and  Dep. 

The  Ufe  of  this  Table  fhall  be  made  evident  in  refolving  a  Sin¬ 
gle  Courfe  (which  is  the  firft  Cafe  of  Plane-Sailirg)  and  alfo  a 
Traverle,  in  thefe  following  Propofitions. 

Propofition  10.  Courfe  and  Difiance  run  given-,  to  find  the  Diffe¬ 
rence  of  Latitude  and  Departure  from  the  Meridian? 

Example  1.  Admit  a  Ship  fails  S.  by  W.  £  W.  6  Minutes ,  I  de¬ 
mand  the  Difference  of  Latitude  and  Departure  from  the  Meridian  ? 

On  the  Left-hand  in  Page  306,  (of  the  Table  under  1  £  Po  nt) 
land  right  againft  6  Minutes  under  Difi.  you  will  find  (under  the 
Word "Lat.)  5.6492,  and  (under  the  Word  Dep.)  2.0213,  for  the 
Difference  of  Latitude,  and  Departure  required. 

'  But  it  may  Suffice  if  the  Difference  of  Latitude  and  Departure 
be  taken  only  in  Leagues  or  Minutes,  and  tenth  Parts  of  a  Mi¬ 
nute,  or  League,  with  this  Allowance,  that  is. 


[f 


r  oji 

151 
J  351 


"1 


fO  Tenth 
2 


the  Parts  be<(  451  )>or  mote,  for  it  fetdown^ 

I  55*  I 

651 

751 

L  J 


}>  Tenths 


And 


0; 

A  |  V,' 


fill 
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And  when  the  Parts  are  951,  or  more,  then  make  the  M  nute 
or  Leag.  of  Diff.  of  Lat.  and  Dep.  from  the  Meridian,  1  mor 
than  they  are  in  the  Table ;  as  for  Inftance  in  both  Cafes. 


Inftead  of 


•3-2 


fet  down 


? 

,  6.2  >  Tenths 

7-3* 

$  Minutes  or  Leagues. 

10  \  ° 


So  then  the  aforefaid  Example  S.  by  W.  2.  W.  Diftance  6  min 
being  fought  in  theT^ble,  finds  as  by  the  above. 

(  Difference  of  Lat.  5.6492  !  ...  .  (  Min.  5.6  Tenths. 

The  I  Departure - -  2.02? 3  l  that  ,S’  \  Mm.  2.0  Tenths. 

Example  2.  A  Ship  fails  SS  W.  half  W.  60  Minutes ,  1  deman. 


the  Difference  of  Latitude  and  Departure  from  the  Meridian  ? 

To  perform  this,  count  I,  at  the  Beginning  of  the  Table,  t 
be  10,  and  2  to  be  20  ;  3,  30  ;  4,  40 ;  5,50;  6,  60  iff c.  to  IC( 
which  now  Hands  for  too  :  According  to  this  Diredion,  agairff 
6  (which  now  Hands  for  60)  on  the  Right-hand  page  307,  an 
under  2  \  Points,  Hands  5.2915  under  Lat.  and  2.8284  unde 
Dep.  which  makes  the  Diff.  of  Lat.  52.915,  or  Min.  52.9  Tenthj 
and  the  Dep.  28.284,  or  Min.  28.3  Tenths:  For  obferve,  Tha 
if  the  Difi.  be  6  Min.  the  Diff.  ol  Lat  is  5.291,  and  Dep.  2.828 
rejeding  the  lafi  Figures,  which  are  of  little  Value.  But, 

U 1 6000  }  i  529?:  ‘  I  DCP'  \  2828.0 

And  after  this  Manner  you  muff  increafe  the  Diff.  of  Lat.  an 
Dep.  as  the  Diflance  doth  increafe,  in  .a  tenfold  Ratio. 

Example  5.  Suppofe  a  Ship  fails  ESE.  \  E.  65m.  I  demand  tE 
Dit  Terence  of  Latitude  and  Departure  from  the  Meridian  ? 

This  mufl  be  looked  out  of  the  Table  at  twice,  that  is,  firfi  fin| 
the  Diff.  of  Lat.  and  Dep.  for  Dift.  60  Min.  then  find  the  Diff.  e|| 
Lat.  and  Dep.  for  Difi.  5  Min.  both  under  the  fameCourfe,  an 
add  both  together,  which  will  fhewyou  the  Diff.  of  Lat.  and  Dep-I 
required  ;  as  hereunder  you  may  fee. 

r6o-j  f  20.21-s  756.49 

For  Difi.  3  5  L  The  Diff.  Lat.  is )  1 .68  (.  and  Dep.  (.  4.71 

C.65J  £21.89'  j  61.20  t 

That  is,  according  to  the  former  Diredions,  the  Difference  C: 


Latitude  21.89,  or  Minutes  21.9  Tenths,  and  the  Departure  61.2a 
or  Minutes  61.2  Tenths,  which  was  required. 

Example  4.  A  Ship  fails  SW.  by  S.  \  W.  137  Minutes ,  I  dernanX 
tie  Difference  of  Latitude,  and  Departure  from  the  .Meridian? 

Thr 
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This  muft  be  taken  out  at  thrice  ;  that  is,  feek  the  Diff.  of  Lat. 
and  Dep.  for  the  Dili.  in  m.  100,  for  m.  30.  and  for  m.  7,  with  the 
fame  Courfe  ;  add  them  together,  as  hereunder  is  done. 

Min,  Min.  Min. 

fi  00 r  80.32-)  r  59-57 

ForDiftJ  3°  (  Diff.  Llt  iJ  24-‘°landDep.),7;“7 

C137J  L  1 10.04  J 

That  is.  Differ,  of  Lat.  is  1 10  Min.  and.  Dep.  is  m.  81.6  Tenths. 

Propofition  1 1 .  Several  Courfcs  and  Di/lances  given  ;  to  find  the 
Diff.  ofi  Lat .  and  Depart,  which  is  the  refiolving  a  Tr aver  fie. 

Example.  Admit  a  Ship  Jails  WSW.  106.2m.  then  W.  by  N. 
m.  10.4.  then  SW.  by  W.  23m.  I  demand  the  Difference  of  Latitude 
and  Departure ,  diredt  Courfe  and  Dijlance  from  the  firjl  Place  ? 

Thefe  Courfes  and  Diftances  are  taken  from  the  foregoing  Jour¬ 
nal,  in  Page  274,  being  what  the  Log  Board  made  out  tor  the  firft 
Day  after  departing  from  the  Lizard. 

In  order  to  the  working  this  by  the  Traverfe  Table,  fet  down 
the  feveral  Courfes,  and  Diftances,  as  in  the  Table  following. 


1  Courfes . 

Diji. 
in  min. 

Difference  of  Latitude.  |  Departure. 

N. 

S. 

E. 

w. 

WSW. 

1 00.0 
6.0 
.2 

38.27 

2.30 

.08 

92-39 

5-54 

.18 

W.  by  N. 

1 0.0 

0.4 

1.95 

0.08 

981 
/  0.39 

SWbyW. 

20.0 

3-o 

1 1. 1 1 

1.67 

16.63 

2.49 

Summed  up 
Subtracted 

2.03 

5343 

2.03 

127.43 

Lat. 

5I4° 

Dep. 

127.43 

Then  by  Prob.  1.  Find  the  Diff.  of  Lat.  and  Dep.  for  each  feve- 
ral  Courfe  and,Diftance,  which  Place  in  their  proper  Columns;  that 
is,  if  the  Courfe  be  North  Eafteriy,  place  the  Difference  of  Lati¬ 
tude  in  the  North  Column  under  N.  and  the  Departure  in  the  Eaft 
Column  under  E.  If  the  Courfe  be  N.  Wefterly,  place  the  Diffe- 
[rencc  of  Latitude  in  the  N.  Column  under  N.  and  the  Departure 
in  the  Weft  Column  under  W. 

If  the  Courfe  be  South  Eafteriy,  place  the  Diff.  of  Lat.  in  the  S. 
Column  under  S.  and  the  Depart,  in  the  Eaft  Column  under  E.  but 
f  the  Courfe  be  South  Wefterly,  place  the  Difference  of  Latitude  in 
the  South  Column,  and  the  Departure  in  the  W.  Column.  As 


fl 
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As  for  Inftance,  in  the  foregoing  Table ;  the  firft  Courfe  is 
WSW.  the  Diftance  106.6m.  which  is  parted  into  three  parts, 
viz.  100  and  6  and  2;  and  the  Courfe  being  S.W.erly,  I  place  thi 
Difference  ofLat.  m. 38.27  under S.  and  theDep.  m.  92.39  under 
W.  The  like!  do  for  the  Diftance  6,  and  alfo  for  2,  as  is  done 
for  the  Diftance  100.  The  fecond  Courfe  is  W.  by  N.  the  Di- ! 
ftance  10.4,  which  is  alfo  look’d  out  at  twice;  and  the  Diff.  oi 
Latitude  1.95,  I  place  under  N.  and  the  Departure  9.81  under  j 
W.  the  like  you  rnnft  do  for  the  reft.  i] 

Thus  having  found  the  Difference  of  Lat.  and  Departure  for 
all  the  Courtis,  and  inferted  their  feveral  Diff.  of  Lat.  and  De-vi 
partures  in  their  proper  Columns ;  the  next  thing  is,  to  add  up  the 
N.  E.  S.  and  W.  Columns,  and  fet  their  Sums  underneath. 

Then  fubtraft  the  N.  and  S.  Columns,  the  lefs  from  the 
greater;  and  likewife  the  E.  and  W.  Columns. 
b  As  in  the  foregoing  Table  the  Sum  of  N.  Column  is  2.03 
of  theS.  53*43,  of  the  E.  Column  0.00  and  of  the  W.  Column 
127.43:  And  fubtrafting  the  N.  Column  from  the  S.  the  R^ij 
mainder  is  51.40,  the  Difference  of  Latitude  Southerly. 

And  fubtrafting  the  E.  Column  from  the  W.  the  Remainder 
is  127.43  tht  Departure  Wefterly. 

Now  having  the  Difference  of  Latitude  and  Departure,-  yot, 
may  find  the  Courfe  and  Diftance  by  Chapter  3.  St&ion  3 
Problem  6.  of  Plane  Sailing ,  in  page  63. 

By  which  you  will  find  the  Courfe  to  be  W.S.W.  and  th  j 
Diftance  137  Minutes  nearly,  as  you  may  fee  in  the  Journal  fo 
the  firft  Day  thereof,  in  pages  274,  275,  288  and  289. 

Chapter  HI.  The  Ufe  of  the  Table  of  Meridional  Part 
beginning  [in page  308.  J 


^T'HIS  Table  fheweth  the  Meridioual  Parts  for  every  Minut 
of  Latitude  ;  and  is  thus  to  be  underftood. 

In  the  firft  Column  towards  the  Left-hand  (of  each  Page)  ar 
the  Degrees  of  Latitude  from  1  to  89  Degrees  :  In  the  next 
Columns  are  the  Meridional  Parts  for  every  5  Minutes  of  La 


nnfwering  to  the  Degrees  in  the  firft  Column  ;  which  on 


th. 


»5« 

Z5mu 


Left-hand  Page  are  diftingufhed  with.  |  0 m  \  $m  |  10m 
2C>«  j  257H  |  and  on  the  Right-hand  Page,  withj  30 m 
4;  m  I  45 m  |  507?z  |  55m  |  at  the  Head  of  the  Table. 

In  the  laft  Column  of  each  Page  towards  the  Right-hand  is  th 
Difference  in  Meridional  Parts,  to  every  5  Minutes  of  Latitude; 
by  the  Help  of  which,  and  the  following  Table  of  Proportion 
Parts,  the  Meridional  Parts,  to  every  Minute  of  Latitude  mq 
be  adjufied,  Propofitk 


/ 


_ 


Chap.  IV.  Of  Proportional  Parts.  gOj 

Prop.  12.  To  find,  the  Merid.  Parts  to  every  5  min.  of  Latitude. 
Examp.  1.  Suppofe  the  Latitude  of  13d.  10m.  be  given 3  ti  find 
the  Meridional  Parts  belonging  to  it  ? 

Right  againft  13d.  in  the  firft  Column  of  page  308,  and  under 
10m.  (at  the  Head  of  the  Table)  in  the  4th  Column,  you  will  find 
the  Meridional  Parts  to  be  79;  Minutes. 

Examp.  2.  Admit  you  were  to  find  the  Meridional  Parts  anfwcring 
to  the  Latitude  5od.  10m.  ? 

Right  againft  5od.  in  the  firft  Column  in  page  310,  and  under 
10m.  at  the  Plead  of  the  Table)  in  the  4th  Column,  you  will  find 
3490,  which  are  the  Meridional  Parts  required. 

Chap.  IV.  The  TJfe  of  the  Table  of  Proportional  Parts,  next  follow¬ 
ing  the  Table  of  Meridional  Parts,  in  Page  314. 

TH  E  Ufe  of  this  Table,  is  to  find  the  Meridional  Parts  to 
every  Minute  of  Latitude. 

Prop.  13.  To  find  the  Merid.  Parts  for  every  Minute  of  Latitude. 

Examp.  1.  Suppofe  it  was  required  to  find  the  Meridional  Parts 

'for  the  Latitude  2  id-  23m.?  .  . 

Firft,  Find  the  Meridional  Parts  for  the  Latitude  2 id.  2orrl. 
(20m.  being  the  next  even  5,  lefs  than  23m.)  which  you  will  find 
in  page  308,  to  be  1311^  and  right  againft  2 id.  in  the  lair  v^olumn 
[noted  with  the  Difference  at  the  Head  of  the  Table)  you  will 
find  c 

Secondly,  With  this  Difference  3,  go  to  the  Table  of  Proporti¬ 
onal  Parts,  in  Page  314,  and  look  5  (in  the  firft  Column  thereof) 
Linder  D,  which  ftands  for  Difference,  and  becaufe  23m.  is  3  more 
Fan  20,  look  under  3  at  the  Head  of  the  P  ourth  Column  3  bo 
;hen  rio-ht  againft  5  in  the  P  irft  Column,  and  right  under  3  ■>  you 
jwill  find  3,  which  add  to  i 3 1 1 ^  and  it  makes  13 14  minutes,  the 
Meridional  Parts  for  the  Latitude  2 id.  23m.  required. 

Examp.  2.  Let  it  be  required  to  find  the  Meridional  Parts  an - 
rwering  to  the  Latitude  5  id.  49m.? 

The  next  lefs  than  49m.  is  45m.  Therefore  find  the  Meridi- 
Dnal  Parts  for  5  id.  45m.  which  is  3641,  and  right  againft  51a.  m 
:he  Column  of  Difference  is  8.  0 

Now  49m.  is  4m.  above  45m.  Therefore  in  the  Table  of  1  ro-* 
uurtional  Parts  right  againft  8,  and  under  4,  you  will  find  the 
Proportional  Parts  to  be  6  3  which  add  to  3641,  makes  3647  min. 
:he  Merid.  Parts  for  the  Lat.  5  id.  49m.  required. 

And  thus  much  may  fuffice  for  the  Ufe  of  thefe  Tables,  and  wi 
this  Difcourfe,  which  I  hope  is  ptaind  and  eafy  to  every  Reader 
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A  TABLE  of  Difference  of  Latitude  and  Depar¬ 
ture  from  the  Meridian. 


’d 

S> 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

i  Point 

i-  Point 

f  Point 

1  Point 

Lat.  ,  Dep. 
0.9988J0.0491 
1.997610.0981 
2. 9964b.  1472 
3. 995210.1963 
4.99400.2454 

Lat. 

Dep. 

Lat.  j  Dep. 

Lat. 

Dep. 

0.9952 

1.9903 

2.9855 

3.9807 

4-9759 

0.0980 

0.1960 

0.2941 

0.3921 

0.4901 

0.9892’ 

1.9784 

2.9675 

3 -9  567 
4.9459 

0.1467 

0.2935 

0.4402 

0.5861 

0.7337 

0.9808 
1 .9616 
2.9424 
3.9232 
4.9040 

0.1951 

0.3902 

0.5853 

0.7804 

°-975S 

5.99270.2944 

6- 991 5|°-3435 

7- 99°3i°*3926 
8.9891  0.4416 
9.98790.4907 

5.9711 
6.9663 
7.9615 
8.9567 
9-95 1 9 

0.5881 

0.6861 

0.7842 

0.8822 

0.9802 

5 -93  5 1 
6.9243 

7-9*34 

8.9026 

9.8918 

0.8804J5.8847 
1. 027116. 8655 
1.17387.8463 
1.3206  8.8271 
1.46739.8079 

1. 1705 
1.3656 
1.5607 
*•7558 

1  -95°9 

d 

Dep.  1'  Lat. 

Dep. 

Lat. 

|  Dep. 

Lat. 

Dep.  I  Lat. 

7  |  Points 

7  |  Points 

1  7  |  Points 

7  Points 

o '  1 


|  Point 


Lat.  Dep 


i  Point 
Dep. 


0.9700 1 
1.9400 1 
2.9101 
3.8801 
54.8501 


1.9569  0.2903 
.9139  0.5806 
,v  -.8708  0.8709 
9  3.8278  I  .1 6 1-2 
-4.7847  1.4515 


6  5.8201 

7  6.7901 

8  7.7602 
98.7302 

10  9.7002 
Dep. 


is*  _ 1 

79  5-74i6i-74 >7 
no  6.6086  2.02 20 


•943® 7 


6  |  Points 


6.1 


Lat. 

Joints 


1  £  Point  l  2  Potnts 


Lat. 


°-94 1 5 
1.8831 

2.8246 

3.7662 

4.7077 


5.6492 

6.5908 


Dep.  |  Lat. 


0.3369  0.923c 
0.6738,1.8478 
1.0167  2.7716 
1.3476  3.6955 


1.6845 


.0213 


4.6194 


5-5433 


7.53232.6851 


9.41543.3689 


2.3582  6.4672 


V  /  r  /  T  / 

6.6986  2.0320 

7.65552.3223  _  _ 

8.6125  2.6146  8.4739I3.0320  8.3149 
9.56942.9029 


Dep.  |  Lat. 


6  i-  Points 


7.3910 


9.2388 


Dep. 


Dep. 


0.3827 
0.7654 
1.1480 
'•5307 
1 -91 33 


2.2961 

2.6788 

3.0614 

3-4441 

3.8268 


Lat. 


6  Points 


|Dift.  |  -  N  1-.00  00  |Dift.  f  r  Diit.  |  "  N  w  ^  o  |  DM.  | 


[  0.904010.4276 

i.8o8o!o.§55i 

2.7120  1.2827 
3. 61604. 7102 
1  4.5200^2^1378 

w  5-4240l2.5654j5.29i5  2.8284 
76.3280j2.99296.1734  3.2 


8 
9 

iio 

O 


7.232o!34205 

8.1 3  8  oj  3 . 8480 
9.040014.2756 

Dep.  I  Lat. 


7-°5  94  3-771 2 
7-9373;4-2.  . 

8.8192  4.7140  8 

Dep. 


Points 


4.8 1 93 
7  5-6z25 

8(6.4257 

97.22S9 

10(8.0321 


0.5957 
I. 1914 
1.7871 
2.3828 
2.9800 

3-5742 

4.1699 

4.7656 

5.361 

5>9?7° 


Pointi 


4  Points 


0.7730  0.6344  0.7410 
1 .5460'  1 .  a688j  1 .4819 
2.3190  1. 903212.2229 
3.0920  2.5356-2.9638 

3.865113.1720  3.7048  3. 


0.6716  1 

1  *343 1 
2.0147 
2.6862 


4.638113.80644.4457  4.0294 
5.41 1  1J4, 440815. 1867  4.7009 
„  6.1841  5.0852J5.9276  5-3725 
3  6.957115.7096:6.6686  ' 

7  7301  j 6.3440, 7-4°95 
Dep. 


6.0448 
6.71 56 


4.2427 
4.9498 
5.6569 
6.3640 ( 
7.071 1 
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The  Deg.  of  Lat. 

The  Minutes  of  each  Degree. 

The  Difference. 

cm. 

5  m. 

10  m. 

15  m. 

20  m. 

25/*. 

The  Meridional  Parts. 

0 

0  i 

5 

10 

1 5 

20 

25 

5 

1 

60 

6M 

70 

75 

80 

85 

5  ! 

2 

1 20 

125 

130 

135 

140 

>45 

5 

3 

180 

185 

190 

595 

200 

205 

5  ' 

4 

240 

245 

250 

255 

260 

265 

5 

5 

3°° 

305 

310 

3!5 

320 

325 

5 

6 

361 

366 

371 

376 

381 

386 

5 

7 

421 

426 

43’ 

436 

441 

446 

5 

8 

482 

487 

492 

497 

502 

5°7 

5 

9 

542 

547 

552 

557 

562 

568 

5 

10 

603 

608 

613 

618 

623 

628 

5 

1 1 

664 

669 

674 

679 

684 

690 

5 

12 

725 

730 

736 

745 

746 

■  751 

5 

•  3 

787 

792 

797 

802 

807 

812 

5 

H 

848 

854 

859 

864 

869 

874 

5 

15 

910 

916 

921 

926 

931 

936 

s 

16 

973 

978 

983 

988 

994 

999 

5 

17 

i°35 

1041 

1046 

1051 

1056 

1061 

5 

18 

1098 

1 103 

1 109 

1 1 14 

1119 

1123 

5 

19 

1 161 

1 167 

1172 

1177 

1183 

1188 

S 

20 

1225 

1230 

1236 

1241 

1246 

1 252 

5 

21 

1289 

1295 

1 3°° 

i3°5 

131 1 

1316 

s 

22 

1354 

1 3  59 

1 364 

1370 

5375 

1381 

6 

23 

1419 

1424 

1429 

5435 

1440 

1446 

6 

24 

1484 

1490 

I49S 

1500 

1506 

1511 

6 

ZS 

26 

27 

28 

29 

155° 

1616 

1684 

1751 

1819 

*556 

1622 

1689 

1757 

1 825 

1561 

1628 

1695 

1762 

1831 

1567 

i633 

1700 

1768 

1837 

1572 

5639 

1706 

1 774 
1842 

1578 

1644 

1712 

1780 

1848 

6 

6 

6 

6 

6 

0, 


eriaiona 


10 
1 1 

1  2 

»3 

14 

15 

16 

1 7 

18 

19 

20 
21 
22 

23 

24 

2 

26 

27 

28 
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35m‘ 
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45;;;. 
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55^- 

The  Meridional  Parts. 

3° 

90 

150 

210 

270; 

35 

95 

1 55 

215 

275 

40 

100 

160 

220 

280 

45 

105 

i65 

225 

285 

5° 

no 

170 

230 

290 

55 

115 

1 75 
235 
295 

33° 

391 

4? 1 
512 

573 

335 

396 

456 

5i7 
57  8 

639 

700 

761 

823 

885 

34i 

401 

461 

522 

583 

346 

406 

466 

527 

588 

351 

41 1 

47* 

532 

593 

356 

416 

476 

537 

598 

634 

695 

756 

818 

880 

644 

705 

766 

828 

890 

649 

710 

771 

833 

895 

654 

7i5 

776 

838 

900 

659 

720 

782 

843 

905 

942 

1004 

1067 

1 1 30 

1 1 93 

947 

1009 

1072 

ii35 

"99 

952 

1014 

1077 

1 140 
1204 

957 

1020 

1082 

1 146 

1 209 

962 

1025 

1088 

"51 

1214 

968 

1030 

>1093 

1 1 56 
1220 

1257 

1321 

1 386 

*45 1 
1517 

1262 

1327 

1392 

1457 

1 522 

1268 

1 332 

1 397 
1462 

1 528 

I273 

>338 

1 402 
1468 
>533 

1 278 

1 343 

1408 

H73 

1 5  39 

1284 

1348 

1 4 1 3 
*479 
V544 

1583 

1650 

1717 

1785 

1854 

1589 

1656 

1723 

1791 

1 860 

1594 

1 661 
1729 
1797 

1  1865 

1600 

1667 

*734 

1 802 

1  .871 

1605 

1672 

1740 

1 808 
1877 

161 1 

1678 
1746 
<1,8 1 4 
1883 
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"  The  Minutes  of  each  Degree. 

W 

O 

CTQ 

• 

O 

cm. 

5  m. 

low. 

15W. 

20  m. 

tr4 

p 

rt 

The  Meridional  Parts. 

30 

18S8 

1894 

1900 

1906 

1912 

3 1 

1958 

1 964 

1970 

1976 

1981 

32 

2028 

2034 

2040 

2046 

2052 

33 

2100 

2105 

21 1 1 

2117 

2123 

34 

2171 

2177 

2184 

2190 

2196 

35 

2244 

2250 

2257 

2263 

2269 

36 

2318 

2324 

2330 

2337 

2343 

37 

2393 

2399 

2405 

24  I  1 

241 8 

38 

2468 

2475 

248.1 

2487 

2494 

39 

2545 

2551 

2558 

25.64 

2571 

_ 

40 

2623 

2629 

2636 

2642 

2649 

41 

2J0? 

2708 

2715 

2722 

2728 

42 

2782 

2788* 

2795 

2802 

2809 

43 

2863 

N 

OO 

'vl 

0 

28  77 

2884 

2891 

44 

2946 

2953 

2960 

29,67 

2974 

45 

303° 

3°37 

3044 

3°5I 

3058 

46  • 

3 1 1 6 

3 1 23 

3130 

3 1 37 

3H4 

47 

3203 

3210 

3217 

3225 

3232 

48 

3292 

3299 

3306 

33  ‘4 

3322 

49 

3382 

339° 

3397 

34°5 

34 1 3 

50 

'  3474 

3482 

349° 

3498 

3506 

5 1 

3569 

3577 

3585 

3593 

3601 

5l 

3665 

3673 

3081 

3690 

3698 

53 

3764 

3772 

3780 

3789 

3797 

54 

3865 

3873 

3882 

3890 

3899 

55 

3968 

3977 

3985 

3994 

4003 

56 

4074 

4083 

4092 

4101 

4110 

57 

4183 

4 1 92 

4201 

4210 

4220 

58 

4294 

4304 

43 1 3 

4323 

4332| 

1  59 

4409 

4419  1 

4429 

4438  1 

444° 

* 


2JWZ. 


191  7 
1987 
2058 
2129 
2202 


2275 

2349 

2424 

2  ^  OO 

2  5  77 


2655 

2  7  3  5 
2815 

2897 
298 1 


3065 

3152 

3240 

3329 

3420 


35*4 

3600 

3706 

3806 

39°7 


401 2 
4119 
4229 
4342 

445  8 
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The  Minutes  of  each  Degree. 


30 

35*- 

40  m. 

45 »•  . 

50  m. 

SSm‘ 

The  Meridional  Parts. 

>923 

1993 

2064 

2135 

2208 

1 9-9 
1999 
2070 
2141 
2214 

>935  j 

2065 

2076 

2  >47 
2220 

1941 
201 1 
2082 

2153 

2226 

1946 

20: 7 
2088 

21 59 
2232 

2281 

2355 

2430 

2506 

2584 

2287 
2361  j 
2437 
25 1 3 
25  9° 

2293 
2368 
2443 
25 1 9 

2  5  97 

2299 

2374 

2449 

2526 

2603 

2306 

2380 

2456 

2532 

2610 

2662 

2742 

2822 

2904 

2988 

2669 
2748 
2829 
291 1 
2995 

2675 
27  5  5 

2836 

2918 

3002 

2682 

2762 

2843 

2925 

3009 

2688 

2768 

2849 

2932 

3016 

3°73 

3 1 59 
3Z47 
3337 
3428 

3080 

3166 

3Z54 

3344 

5436 

3086 

3 1 7  3 
3262 

3  3  5 2 
3443 

3094 
3181 
3260 
3359 
345  >  _ 

3101 

3188 

3277 

3367 

_  3459 

3521 

3617 

37M 

3Sl4 

3916 

4021 
4128 
4238 
,  435 1 

4.468 

3529 

3625 

3722 

3822 

3925 

3537 
3633 
373  ' 
3831 

3933 

3545 

364> 

3739 

3839 

3942 

3553 

3649 

3747 

3848 

39  5 1 

4029 
4 1  3  7 
4247 
4361 
2478 

4038 
4  >46 
4257 
437° 

'  2488 

4°47 

4>55 

4266 

4380 

4407 

4056 

4>64 

4275 

439° 

4307 

2022 

2094 

2165 

2238 


2312 

2386 

2462 

2538 

2616 
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The  Minutes  of  each  Degree. 

om. 

w- 

1  on;. 

15  m. 

zom. 

2  5«. 

t 

>— 

. 

o>  • 

The  Meridional  Parts, 

3  : 

O 

C 

4 527 

4537 

4547 

4557 

4568 

4578 

id 

4649 

4660 

4670 

4680 

4691 

4701 

IC 

4775 

4786 

4796 

4807 

4818 

4829 

1 1 

4905 

4910 

4927 

4938 

4949 

4960 

1 

5°39 

5051 

5062 

5?74 

5085 

5°97 

12 

•5*79 

5.*  9* 

5203 

52I4 

5226 

5238 

12: 

5324 

5  31, 6 

5  348 

5361 

5373 

5385 

12 

5474 

54^ 

5500 

55i3 

5526 

5539 

13 

563i 

50f4 

5658 

5671 

5685 

5698 

>3- 

5795 

58®9 

5823 

5837 

5851 

5865 

M 

5966 

5981 

5995 

6010 

6025 

6040 

15 

6146 

6161 

61 77 

6192 

6208 

6223 

is- 

6335 

6351 

6367 

6384 

6400 

6417 

16- 

6534 

6552 

6569 

6  c;  J e> 

6603 

6621 

17 

6746 

6764 

6782 

fi 

6819 

6838 

18 

6970 

6990 

7009 

* 

7029 

7048 

7068 

20' 

7210 

7z3r 

7252 

7273 

7294 

7315 

21 

7467 

7490 

7512 

7535 

7557 

7580 

23' 

7745 

7769 

7793 

7  8 1 7 

7842 

7867 

25 

8046 

8072 

8099 

8125 

8152 

8179 

27 

8375 

•  8404 

8433 

8463 

8492 

8522 

30 

8739 

8771 

•  8803 

8836 

8869 

8903 

33' 

9*45 

9182 

9218 

9255 

9292 

933° 

37 

9606 

9647 

9689 

97  3 1 

9774 

9817 

43' 

101 37 

10185 

10234 

10283 

«°334 

10385 

5«> 

10765 

10822 

10881 

10941 

1 1002 

1 1064 

62 

1 1 533 

1 1 60  c 

1 1679 

1  *755 

11832 

1 1 91 1 

77  f 

12522 

I  2OI9 

12719 

12821 

1 2927 

1  3036 

IOQ 

13916 

14063 

14216 

14376 

14543 

14720 

£  '  I 

16300 

16599 

16926 

17289 

17693 

18153 

r ;  g 
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The  Minutes  of  each  Degree. 

O 

a> 

30  m. 

3S»* 

40». 

45«. 

50  m. 

55«- 

a 

3 

a> 

The  Meridional  Parts. 

P 

0 

a 

4588 

459s 

4608 

4618 

4629 

4639 

10 

47 1 2 

4722 

4733 

4743 

4754 

4764 

10 

4839 

4850 

4861 

4872 

4883 

4894 

1 1 

497  2 

4983 

4994 

5  00  5 

5OI7 

5028 

1 1 

5108 

5 1 20 

5132 

5 1 43 

5*55 

5i67 

1 2 

525° 

5263 

52  73 

5287 

5299 

53i: 

12 

539s 

54H 

5423 

543° 

5449 

5461 

13 

5  5  5 2 

5565 

5578 

5  59 1 

5604 

56i7 

13 

5712 

5725 

S739 

5753 

5767 

5781 

14 

5879 

5894 

5908 

5922 

5937 

595 1 

14 

6°S5 

6070 

6085 

6100 

6115 

6130 

1 5 

6239 

6255 

6271 

6287 

63°4 

6319 

16 

6433 

645°. 

6467 

6483 

6500 

65  1 7 

17 

6639 

663  6L 

■  6674 

6692 

6710 

6728 

.18 

6856 

6875 

6894 

6913 

6932 

6951 

■9 

7088 

7108 

7128 

7*49 

7169 

7i89 

20 

7336 

7358 

7379 

7  401 

7423 

7445 

22 

7603 

7626 

7650 

7673 

7697 

772 1 

24 

7S92 

79 1 7 

7942 

7968 

7994 

8020 

26 

8207 

8234 

8262 

8290 

8318 

CO 

28 

8552 

8583 

8614 

8644 

8676 

8707 

3« 

8936 

8970 

9005 

9°39 

9074 

91 10 

36 

9368 

9407 

9445 

9485 

9525 

9565 

40 

9861 

9906 

99  5 1 

9996 

10043 

10089 

46 

10437 

10489 

10542 

1 0  597 

10652 

10707 

55 

11127 

11192 

11257 

11324 

11392 

11462 

68 

1 1992 

I2°75 

1 21 60 

12247 

12336 

12428 

89 

1 3*49 

1 3266 

13386 

I3511 

13641 

13776 

14906 

15102 

1531 1 

15532 

15770 

16024 

18683 

iqioq 

20076 

21065 

1  22459 

24842 

I 
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I 

2 

3 

4 

D. 

2 

3 

4 

K 

I 

0  1 

3 

4 

25 

5 

10 

*5 

20 

6 

I 

2 

3 

26 

5 

10 

16 

21 

7 

I 

0 

:> 

4 

6 

27 

5i 

1 1 

16 

22 

S 

2 

3 

5' 

6 

28 

6 

1 1 

17 

22 

9 

'2 

4 

'  5 

‘7 

30 

6 

12 

18 

24 

io‘ 

2 

4 

6 

8* 

V 

31. 

6 

12 

x9 

25 

\  r 

1 1 

2. 

•  4 

7 

9 

33 

7 

*3 

20 

26 

; 

12 

*2 

5 

7 

10 

35 

7 

14 

21 

28 

*3 

3 

5 

S 

10 

37 

7 

*5 

22 

30 

- 

14 

3 

6 

8 

1 1 

40 

8 

16 

24 

32 

ji 

15 

3 

6 

9 

12 

42 

8 

*7 

25 

34 

]  ) 

16 

3 

6 

10 

*3 

46 

9 

18 

28 

37 

1 

*7 

:  „ 

3 

7 

10 

14 

50 

10 

20 

3° 

40 

i;  !J 

18 

4 

7 

1 1 

14 

55 

1 1 

22 

33 

44 

*9 

4 

*. 

i  1 

*5 

61 

12 

24 

37 

49 

i  ,l 

20 

4' 

8 

12 

1 6 

68 

14 

27 

41 

54 

' 

2  ! 

4 

8 

*3 

*7 

76 

j 1 5 

3° 

46 

6.x 

. 

22 

-4 

9 

*3 

18 

8  8 

18 

35 

53 

7°: 

Ll 

43 

5 

9 

:T4 

i8 

105 

21 

63 

53 

8*’ 

' 

24 

.5 

I-G  14 

1  19 

1 1 5 

23 

[69 

69 

92 
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A  Table  of  LOGARITHMS 

For  Numbers  increafing  in  their  Natural  Order, 
from  an  Unit  to  10,000. 

With  a  1  able  of  Artificial  Sines,  Tangents, 
and  Secants,  the  Radius  io,ocgooo;  and 
to  e^fery  Degree  and  Minute  ol  the  Quadrant. 

"N. 


N. 


Logar. 


N. 


34 


jJi 


gar. 

3 '479 


Logar. 


%■ 


1 

o.ooocoo 

2 

0.301030 

3 

0.477121 

4 

0.602060 

s 

0.698970 

6 

0.778151 

7 

0.845098 

8 

0.903090 

9 

0.954242 

10 

I. 000000 

!  1 

1  -°41 393 

12 

1 .0794 81 

■3 

.1.113943 

*4 

1.146128 

*5 

1. 1 7609! 

16 

t.2041 20 

1 7 

1.230449 

18 

1.255272 

O 

1. '2  787  54 

'  3o' 

1^301036. 

21 

1 . 3  2  22  r  9 

22 

r.  3424  zj 

23 

1.361728 

24 

1.38021 1 

25 

1.397946 

26 

1.414973 

\*7  ' 

1.431364 

28 

1,447:58 

29 

1.462398 

[3# 

1.477121 

37 

1.491362 

32; 

1.56.5150 

33 

1.518514 

35 

1 .544068 

36 

1.556302 

3  f 

1 .568202 

38 

1.579784 

39 

i  591065 

40 

1 .6ozoco 

4> 

1.612784 

42 

1.623249 

43 

1 .633468 

43 

'•643453 

4  5 

1.653212 

46 

1 .662758 

47 

.  ,67.2098 

48 

1 .68 1 241 

49 

1.690196 

5° 

1  698970 

5' 

1.707570 

52 

i  .716003 

53 

1 V72  4276 

54 

1 732  394 

5.5 

1.7403O3- 

56 

.1.748188 

57 

1.755875 

58 

1 .763428 

59 

1 .770852 

4o 

1,778151 

6l 

1  *7^533c 

62 

1.792392 

63 

1.799340 

'  64 

1 .8061 80 

% 

1 .81 2913 

66 

1.819544 

fc7 

1 .Si 6c •  5 

68 

1.832509 

69 

1 .838849 

7° 

1.845098 

7' 

1.851258 

72 

1  857332 

73 

1.803323 

74 

1.869232 

75 

1.875061 

76 

1 .880814 

77 

1.886491 

78 

1  892095 

79 

1 .897627 

80 

1.903090 

81 

i  908485 

82 

1.913814 

83 

1.919078 

84 

1.924279 

•85 

1. 93941 9 

8b 

1.934498 

87 

1.939519 

88 

i  -9444% 

S9 

1.949390 

90 

1.954242 

9l 

1,959041 

92 

1.963788 

93 

1 .968483 

94 

1.973128 

95 

1.977724 

96 

1.982271 

97 

1 -98A77J1 

98 

1.991 226" 

99 

'•995635 
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'■I  urn 


100 

JOI 

102 

103 

104 

105 

106 
IO7 
loS 
*09 


:  1  o 

1 1 1 

1 1 2 

>>3 

1 1 4 

1 1 5 

1 16 


”7 

118 


n9 
1 20 


o 


2  OOOOOO 

2.OO432  I 
2.008660 
2.01  2837 
2.OI7033 

2.021  189 
2 O25306 
2.O29384 
2.O33424 
2  03742'6 


!  21 

I  22 


r. 


124 

125 

1 26 
12- 
128 
1  29 
I30 
■3» 
i  32 
133 
J  34 
>35 
j  36 

>37 

138 

>39 

140 

141 

J42. 


2.041393 
2.045323 
2.049218 
2.053078 
2.056905 
2.060698 
2.064458 
2.0681 86 
2.071 882 
2.075547 
2.0791 8 1 


2,000434 
2.00475 1 
2.009026 
2.013256 
2.017451 
2.021603 
2  025715 
2.0.29789 
2.033826 
2.037825 


2.000868 
2.005180 
2.009451 
2.01 3680 
2.01 7868 
2.022016 
2  026124 
2.030195 
2.034227 
2.038223 


2.082785 
2.086360 
2.089905 
2.093422 
2.096910 
2  100370 
2.103804 
2.107210 
2-.  I  IO59O 
2.II3943 
2. 1  I  727  I 


2.O4I787 
2.O45714 
2.O49606 
2.O53463 
2.OJ7286 
2.061075 
2.064832 
.  2.068557 
^.072.250 

2  G86716 
2.090258 
2.O93772 
2.O97257 
2.106715 
2404145 
2.IO7549 
2.1  IO926 
2.II4277 
2.1  17603 


2.O42 182 
2.046105 
2  O49993 
2.053846 
2.057666 
2.o6l 452 
2.065206 
2.068928 
2.072617 
2.076276 
2.O-99O4 


Z-.TZ0574 

2.123852 
2.127105 
3°3 34 
2->33S39 
2. 1.367  2 1 
z.  1 39879 
2.14301 5 
z.  1461 28 
2,149219 
2.1  52288 


2.1  20903 
2.1  241  78 
2. 1  27429 
2.130655 
2.1  33858 
2437037 
2.140194 

2  • 1 43  3  27 
2.146438 
2. 149527 
2.152594 


2  083503 
2.087071 
z.°9g|i  1 
4.09IPP22 
2^097604 
2.101059 
2.104487 
2.107888 
2.1 1 1262 
2.1 14611 
2.117934 


2.001 301 
2  005609 
2.009876 
2.014100 
2.018284 
2. 022428 
2. 026533 
2.030600 
2.034628 
2.038620 


2.OOI734 
2.OO6038 
2  OIO3OO 
2.OI452O 
2.OI87OO 
2.O2284I 
2.026942 
2.O3IOO4 
2.035029 
2.O39OI  7 


2.O42575 
2.O46495 
2.050380 
2.O54239 
2.058046 
2.061829 
2  065580 
2.069298 
2.072985 
2  O7664O 
21080266 


2.083861 

^087426 

£090963 


2.I2I231 

2.1  Z4504 
2.1  27752 
2.1 30977 
2. 134177 

2- 1  37354 
2.140508 
2.143639 
2.146748 
2.149835 
2. 1529OO 


2.O9447I 

2-097951 

2.IOI  4O3 
2.IO4828 
2.108227 
2.1  I  I  598 
2.U4944 
2.1  18265 


2.121560 
2.1  24830 
2.I28076 
2.1  31  298 
2.134496 
2.13767° 
2.I4082Z 

2  - 1 4  39  5 1 
2. 147058 
2.1  5OI42 
2.I53205 


Dirt 


2.042969 
2.046885 
2.050766 
*2.05461 3 
2.058426 
2.062206 
2.065953 
2.069668 
2.073352 
2.077004 
2.080626 


43 

42 

42 

4> 

4> 

4> 

40 

40. 

40. 

39 

39 

38 

38 

n 

0 

37 

37 

371 

36'i 

361 

36' 

36' 


2.o84'2i9 
2.087781 
2.091 31 5 
2.094820 
2.098297 
2.101747 
4.105169 
2.108565 
2.1 1 1934 
2.1 15278 

2-118595 

2.12l888  |f«2 


2.125156 
2.128399 
2.13161 
2.134814 
2.137987 
2.141136 
2.144263 
2.^7367 
2.150449 
2.15351° 


'I 


f 


from  i  to  10000.  (  317  ) 


!um 

S 

6 

7 

8 

9 

Diff. 

roo 

2.002166 

2.002598 

2.003029 

2.003467 

2.003891 

432 

101 

2.006 46$^ 

p2 .006  8  94 

2.007321 

2.007748 

2.0081 74 

428 

,102 

z.o\9fz\ 

2.01 1 147 

2.01 1570 

2.011993 

2.012415 

424 

[03 

2.014940 

2.015360 

2.015779 

2.016198 

2.01 6615 

419 

IO4 

2.0191 16 

2.019532 

2.019947 

2.020361 

2.020775 

416 

i>°5 

2.023252 

2.023664 

2.024075 

2.024486 

2.024896 

412 

St  06 

2.02735a 

2.027757 

2.028164 

2.028571 

2.028978 

408 

107 

2.03 1408 

2.031812 

2.032216 

2.032619 

2.033021 

404 

108 

2.03543° 

2.035830 

2.036229 

2.036629 

2.037028 

400 

|t°9 

2.039414 

2.03981 1 

2.040207 

2.040602 

2.040998 

396 

i 10 

2.043362 

2.043755 

2.044148 

2.044540 

2.044931 

393 

1 1 1 

2.047275 

2.047664 

2.048053 

2.048442 

2.048830 

389 

jt  1 2 

2.051 152 

2.051538 

2.051924 

2.052309 

2.052694 

386 

M3 

2.054996 

2.055378 

2.055760 

2.056142 

2.056524 

382  j 

,114 

2.058805 

2.059185 

2.059563 

2.059942 

2.060320 

37s  | 

MS 

2.062582 

2.062958 

2.063333 

2.063709 

2.064083 

376  5 

i  1 6 

2.066326 

2.066699 

2.067071 

2.067443 

2.067814 

372  » 

•yi 

2.070038 

2.070407 

2.070776 

2.071 145 

2.071514 

369 

1 18 

2.0737 1 8 

2.074085 

2.074453, 

2.074816 

2.075182 

366 

u9 

2.077368 

2.077731 

2.078094 

2.078457 

2.078819 

363 

1 20 

2.080987 

2.081347 

2.08 1 707 

2.082067 

2.082426 

360 

121 

2.084576 

2.084^34 

2.085291 

2.085647 

2.086004 

357 

1 22 

2.088136 

2.088490 

2,^88845 

2.089198 

2.089552 

354 

M3 

2.091667 

2.092018 

2.092370 

2.092721 

2.093071 

3  5 1 

^24 

2.095169 

2.095518 

2.095866 

2.096215 

2.096562 

3+9 

.25 

2.098644 

2.098990 

2.099335 

2.099681 

2.100026 

346 

1126 

2.102090 

2.102434 

2.102777 

2. 1031 19 

2. 103462 

343 

1127. 

2.1055 10 

2.10585 1 

2.1061 91 

2.106531 

2.106870 

340 

128 

2.108903 

2.109241 

2.109578 

2.109916 

2.110253. 

338 

1 29 

2.1 12270 

2. 1 1 2605 

2.112940 

2.1 13275 

2.1 1 3609 

335 

1130 

2.1 15610 

2.1 15943 

2.1 16276 

2.1 16608 

2.1 16940 

333 

131 

2.1 1 8926 

2.1 19256 

2.1 19586 

2.1 1991 5 

2.120245; 

33« 

1132 

2.122216 

2.122543 

2.122871 

2.123198 

2.1235^1 

133 

2.1 25481 

2.125806 

2.126131 

2.1 26456 

2.1  267$?^ 

>34 

2.128722 

*2.1 2904  5 

2.129368 

2.129690 

2.1300^ 

324 

135 

2-I3I939 

2. 132260 

2.1 32580 

2.132900 

2.133219 

32a- 

136 

2,135133 

2 • 1 3  5  45  > 

2.135768 

2.1 36086 

2.136403 

318 

1 37 

2.138303 

2.1 38618 

2->  38934 

2.139249 

2.139564 

3 1 5 

|>38 

2.1^430 

2.141763 

2.I42076 

j  2.142389 

2.142702 

3 1 4 

>39 

2. 1H574 

2.144885 

2.145196 

2.145507 

2.1458 1 8 

3 1 1 

140 

2.147676 

2. >47985 

2.148294 

2.148603 

2.14891 1 

309 

>4> 

2.150756 

2,151063 

2.I5I37O 

2.1 51676 

2. 1 5 1 982 

3<M 

142 

2.153815 

2.1541 19 

2.154424 

2->S47,2§ 

MM  5°  3  2 

3°3 

/' 


{ 

318  ) 

A  Table  of  Logarithms, 

Num 

0 . 1 

1 

2 

3 

4 

5i 

*43 

2.155336 

2. 1 35640 

2.!  55943 

2. 1 56246 

2.156549 

3 

144 

2.1 58362 

2. 1 58664 

2.1  58965 

2.1 59266 

2.159567 

3' 

*45 

2,161368 

2.161667 

2.  161967 

2. 162266 

2.162564 

2 

146 

2.164353 

2.1&4650 

2.164947 

2.165244 

2.165541 

2( 

*47 

2.167317 

2.16761 3 

2.167908 

2. 168203 

2.168497 

Zi 

148 

2. 170262 

2.170555 

2.1  70848 

2.171 141 

2-I71434 

2'j 

1 49 

2.173186 

2.173478 

2.173768 

2. 174060 

2- 1 74351 

2 

1 5° 

2.176091 

2. 1 76381 

2.I7667Q 

2.176959 

2.1 77248 

2 

*5* 

2.178977 

2.1 79264 

2.179552 

2.179839 

2.1 801 26 

2: 

152 

2.181844 

2. 1 82 1 79 

2.1  8241  5 

2.182700 

2.182985 

2 

*53 

2.184691 

2.184975 

2.185259 

2.185542 

2.183825 

2 

1 54 

2.187521 

2.1 87803 

2.188084 

2.188366 

2.1 88647 

2 

*  55 

2.190332 

2.1 9061 2 

2.I90892 

2.191 171 

2.191451 

2  ! 

.56 

2.193*25 

2.193403 

2.1 93681 

2.193959 

2.194237 

zj 

r57 

2.195900 

2.1961 76 

2.196452 

2.196729 

2.197005 

2ji 

158 

2. 198657 

2.198932 

2.199206 

2.199481 

2.199755 

2  ' 

J59 

2.201397 

2.201 670 

2.2OI943 

2.202216 

2.202488 

2‘! 

160 

2.2041 20 

2.204391 

2.204662 

2,204933 

2,205204 

2' 

161 

2.206826 

2.207095 

2.207365 

2.207634 

2.207903 

21 1 

162 

2.20951 5 

2.209783 

2.2IOO51 

2.210318 

2.210586 

21 

163 

2.212188 

2.21 2454 

2.21 272O 

2  212986 

2.21 3252 

2I( 

164 

2,214844 

2.21 5109 

2.215373 

2.21  5638 

2.21 5902 

«'■ 

165 

2.217484 

2- 2 1 7747 

2.2l8010 

2,218273 

2.218535 

'.21 

166 

2.220108 

2.220370 

2.220631 

2.220892 

2.221 153 

'21 

167 

2.222716 

2.222976 

2.223236 

2,223496 

2-223755 

2 

168 

2.225309 

2.225568 

2.325826 

2,220084 

2.226342 

2 

179 

2.227887 

2.228144 

2.2284OO 

2.228657 

2.228913 

2 

170 

2.230449 

2.230704 

2.230960 

2,231215 

2.231470 

2 

171 

2.232«| 

2.233250 

2.233504 

2.233757 

2.23401 1 

2 

172 

a-23SS*l 

i'2. 235781 

2.236033 

2.236285 

2.236537 

2 

*73 

2.238046 

2.238297 

2.238548 

2.238799 

2.239049 

2 

174 

2.240349 

2.24O799 

2.241048 

2.241 297 

2.241 546 

2 

175 

2.243038 

2.243286 

2.243534 

2.243782 

2.244030 

2 

1 76 

2-245513 

2.245759 

2.246006 

2.246252 

2.246499 

2 

177 

2.247973 

2.248219 

2  248464 

2.248709 

2.248954 

2 

178 

2.250420 

2.250664 

2.250908 

2.251 151 

2,251395 

2 

179 

2.252853 

2.253096 

2. 253338 

2.253580 

2.253822 

2 

180 

2.255272 

2.255514 

2.255755 

2. 255096 

2,256237 

2 

181 

2.257679 

2.25791 8 

2.258158 

2.258398 

2,258637 

2 

182 

2.260071 

2.2603 10 

2. 260548 

2.260787 

2.261025 

2 

.83 

2.262451 

2.262688 

2,262925 

2.263162 

2. 263399 

2 

184 

2.26481 8 

2.265054 

2.265290 

2.265  525 

2.265761 

2 

-iil 

2.2671 72 

2.267406 

2.267641 

2.26^875 

2.2681 IO 

2 

/ 


from  1  to 

IOOOQ. 

(  319 

) 

um 

5 

6 

7 

8 

9 

Diff. 

43 

2.1 56852 

2.157154 

2.157457 

2.157759 

2.158061 

302 

44 

2.1 59868 

2.160x68 

2.160468 

2.160769 

2.16x068 

301 

45 

2.162863 

2.163161 

2.163460 

2-163757 

2.164055 

299 

46 

2.165838 

2.1661 34. 

2.166430 

2.166726 

2.167022 

297 

147 

2.168792 

2. 169086 

2.169380 

2.169674 

2.169968 

295 

4* 

2.1 71 726 

2.172019 

2.172311 

2.172603 

2.172895 

292 

49 

2.174641 

2-i74932 

2.175222 

2.1755x2 

2.175802 

291 

59 

2.177536 

2.177825 

2.1781 13 

2.178401 

2.178689 

289 

5* 

2.1  8041  3 

2.180699 

2.180986 

2.181272 

2.181558 

287 

52 

2.183270 

2.183554 

2.183839 

2.184123 

2.184407 

285 

53 

2.1  86X08 

2.186391 

2. 1 86674 

2.1 86956 

2.187239 

283 

54 

2.188928 

2.189209 

2.1  89490 

2.189771 

2.19005 1 

281 

55 

2.19X730 

2.192010 

2.I92289 

2.192567 

2.192846 

279 

56 

2- 1 945  *4 

2.194792 

2.195069 

2.195346 

2.195623 

278 

57 

2.197281 

2.197556 

2.197832 

2.198107 

2.198382, 

276 

58 

2.200029 

2.200303 

2.2OO577 

2.200850 

2.201 i 24 

274 

159 

2.202761 

2.203033 

2.203305 

2.203577 

2.203848 

272 

60 

2.205475 

2.205745 

2.20601 6 

2.206286 

2.206556 

271 

61 

2.208172 

2.208441 

2.208710 

2.208978 

2.209247 

269 

62 

2.210853 

2.2X1X20 

2.21 1388 

2.21 1654 

2.21 1921 

267 

63 

2.213518 

2.213783 

2.214049 

2-214314 

2.214579 

266 

if  4 

2.216x66 

2.2x6430 

2.216694 

2.216957 

2.217321 

264 

:'-5 

2.2x8798 

2.219060 

2.219322 

2.219584 

2.219846 

262 

<■  6 

2.22x414 

2.221675 

2.221936 

2.222196 

2.222456 

261 

167 

2.22401 5 

2.224274 

2.224533 

2.224792 

2.225051 

259 

!68 

2.226600 

2.226858 

2.227115 

2.227372 

2.227630 

258 

69 

2.229170 

2.229426 

2.229682' 

,  2.229938 

2.230193 

256 

7° 

2.23 1724 

2.231979 

2.232233 

2.232488 

2.232742 

254 

71 

2.234264 

2.234517 

2.234770 

2.235023 

2.235276 

253 

42 

2.236789 

2.237041 

2.237292 

2.237544 

2-237795 

25  X 

73 

2.239299 

2.23955° 

2.23980 0 

2.240050 

2.240300 

•250 

74 

2.241795 

2.Z42044 

2.242293 

2.242541 

2.242790 

249 

75 

2.244277 

2.244524 

2.244772 

2.245019 

2.245266 

248 

76 

2.246745 

2.246991 

2.247236 

2.247482 

2.247728 

246 

77 

2.249x98 

2.249443 

2.249687 

2.249932 

2  250176 

245 

i/8 

2.251638 

2.25x88.1 

2.2521 23 

2.252367 

2  252610 

2.43 

79 

2.254064 

2.Z54306 

2.254548 

2.254790 

2.255031 

242 

£0 

2.256477 

'2.2567x8 

2.256958 

2.257198 

2,257439 

.241 

:8i 

2.258877 

’12.259I  l6 

2-259355 

2.259594 

2.259833 

239 

82 

2.261 263 

2.2615OX 

2.261738 

2.261976 

2.2622x4 

238 

83 

2.263636 

2.263873 

2.264 109 

2.264345 

2. 264582 

237 

84 

2.265996 

2.266232 

2.266467 

2.266702 

2.266937 

235 

s5 

2.268344- 

2.268378 

226881 2 

2.260046 

2.-269279 

2-34- 

Num 

0  } 

2 

3 

4  ,Diff  ] 

1 86 
*‘87 

1 88 

189 

190 

191 

192 

193 

194 

195 

2.269313 
2.271842 
2.27^138 
2.276462 
2.278754 
2.281033 
2.2833OI 
2.285537 
2.287802 
2.29003  ? 

2.269746 
2.272074 
2.274389 
2.276691 
2.278982 
2.281 261 
2.283527 
2.285782 
2,288025 
2.290257 

2.269980 
z. 272306 
2.274620 
2.276921 
2.279210 
2.281488 
2.283753 

2  286007 
2.288249 
2.290480 

2.27021 3 
2.272538 
2.274850 
2.277151 

2.279439 

2.281715 

2.283979 

2.286232 

2.288473- 

2.290702 

2.270446 

2.272770 

2.275081 

2.277380 

2.279667 

2.281942 

2.284205 

2.286456 

2.288696 

2.290925 

z3 

23 

23' 

22( 

22: 

22; 

2  2( 

22i 

22; 

22: 

196 

197 

198 

199 

200 

201 

202 

203 

204 
20  j 
206 

2.292256 

2  294466 
2.296665 
2.298853 
2.301030 
2.303196 
2.305351 
2.307496 
2.309630 
2.311754 
2.313867 

2.292478 
2.294687 
2.296884 
2.299071 
2.301247 
2.303412 
2.305566 
2.307710 
2.309843 
2.31 1966 
2.314078 

2.292699 
2.294907 
2.297IO4 
2.299289 
2.3OI464 
2.303628 
2  305781 
2.307924 
2.3IOO56 
2- 3I2I77 
2.314289 

2.292920 
2.2951 27 
2.297323 
2.299507 
2.301681 
2.303844 
2.305996 
2.308137 
2.3 10268 
2.31 2389 
2.314499 

2.293141 
2-295347 
2.297542 
2-299725 
2.301898 
2.304059 
2.306210 
2.308351 
2.310481 
2.31 2600 
2.3 14710 

22 

Z2< 

2 1 C 

21 

217 

216 

2l( 

21  7 
21; 

21  1 

2 1C- 

207 

208 

209 

210 

21 1 

212 

213 

214 

2 1 5 

216 

217 

2.31597° 

2.318063 

2.320146 

2.322219 

2.324282 

2.326336 

2.328380 

2- 33°4‘4 

2.332438 

2-334454 

2.336460 

2.316180 
2.31 8272 
2.320I54 
2.322426 
2.324488 
2.326541 
2.328583 
2.330617 
2.332640 

2-334655 

2.336660 

2.316390 
2.318481 
2.320562 
2.322633 
2.324694 
2.326745 
2.328787 
2  330819 
2.332842 
2.334856 
2.336860 

2.316599 

2.318689 

2.320769 

2.322839 

2.324899 

2.326950 

2.328991 

2.331022 

2.333044 

2.335056 

2.337060 

2.316809 
2.318898 
2.320977 
2.323046 
2.323105 
2.327154 
2.329194 
2.331 225 
2.333246 
2.335257 
2.337260 

20C 

20$ 

.* ! 

20;. 

20$ 

20J 

204 

20; 

20; 

20: 

201 

20C- 

218 

219 

220 

22  1 

222 
223 
224 
225 
2  26 

227 

228 

2.338456 

2.340444 

2.342423 

2.344392 

2.346353 

2.348305 

2.350248 

2.352182 

2.354108 

2.356026 

2-357935' 

2.338656 

2.340642 

2.342620 

2.344589 

2.346549 

2.348500 

2.350442 

2- 3  5 2  37  5 
2.354301 
2.356217 
2.358125 

2.333855 
2.340840 
2.342817 
2.344785 
2. 346744 
2.348694 
2.350636 
2.352568 

2-35  4493 
2.356408 
2.358316 

2.339054 

2.341039 

2.343014 

2.344981 

2.346939 

2.348889 

2.350829 

2.352761 

2.354684 

2.356599 

2.358506 

2.339253 
2.341237 
2.343212 
2-345 1 7^ 
2-347*35 

2.349083 

2.351023 

2.352954 

2.354876 

2.356790 

2.358696 

,9< 

i9; 

*95 

i9( 

*9! 

>9' 

*9: 

*9: 

*9 

19 

*9< 

(  320  )  4  Table  Logarithms, 


■■ 


from  1  ro  10000. 

(  521 

) 

Ju;n 

5 

6 

7 

*  8  1 

9 

Diff. 

io6 

2.270679 

2.270912 

2.271 144 

2.271377 

2.Z71609  ! 

233 

■8? 

2.273001 

2.273233 

2.273464 

2.273696 

2.273927 

232 

188 

2.27531 1 

2.275542 

2.275772 

2.276002 

2.276232 

230 

[89 

2.277609 

2.277838 

2.27806 7 

2.278296 

2  278525 

229 

.190 

2.279895 

2.2801 23 

2.28035 1 

2.280578 

2.280806 

228 

»9* 

2.282169 

2.282395 

2.282622 

2.282849 

2,283075 

227 

192 

2.28443 1 

2.284656 

2.284882 

2.285 107 

2.285332 

226 

1 93 

2.286681 

2.286905 

2.287130 

2.287354 

2.287579 

225 

194 

2.288920 

2.289143 

2.289366 

2.289589 

2.28981 2 

223 

J  95 

2.29; 147 

2.291 369 

2.291 591 

2.29181 3 

2.292034 

222 

196 

2.293362 

2.293583 

2.293804 

2.294025 

2.29424.6 

221 

1 97 

2.295567 

2.295787 

2.296007 

2.296226 

2.29O446 

220 

i98 

2.297760 

2.297979 

2.298198 

2.298416 

2.298635 

219 

=  99 

2.299943 

2.300160 

2.300378 

2.300595 

2.3008 I 3 

218 

:oo 

2.3021 14 

2.302331 

2.302547 

2.302764 

2.302980 

217 

bo  1 

2.304275 

2.30449° 

2.304706 

2.304921 

2.305136 

216 

|2C2 

2.306425 

2.306639 

2.306854 

2.307068 

2.307282 

215 

-°3 

2.308564 

2.308778 

2.308991 

2.309204 

2.309417 

213 

104 

2.310693 

2.3 10906 

2.31 1 1 1 8 

2.311330 

2.31 ! 542 

21  2 

koj 

2.31281 2 

2-3 1 3023 

2  •  3 1 3234 

2.3I3445 

2.313656 

21 1 

Job 

2.314920 

2-315130 

2.315340 

2.315550 

2.3  1  5760 

210 

107 

2.3 17018 

2.317227 

2.317436 

2-3I7t>45 

2.317854 

209 

jo  8 

2.319106 

2.319s1 4 

2.319522 

z. 31.9730 

2.319938  !  208 

:09 

2.321 184 

2.321 391 

2.321 5  g8 

2.321 805 

2.32201 2 

20  7 

.10 

2.323252 

2-323458 

2.323664 

2.323871 

2.324077 

206 

I  ! 

2.3253!° 

2-325516 

2.325721 

2.325926 

2.3261 3 1 

205 

12 

2-327359 

2.327563 

2.327767 

2.327972 

2.328176 

204 

j‘3 

2.329398 

2.329601 

2.329804 

2.330008 

2.33021 1 

203 

in  4 

2-33‘427 

2.331630 

2.331832 

2.332034 

2.332236 

202 

'5 

2-33344  7 

2.333649 

2.333850 

2.334051 

2-334253 

202 

l6 

2.335458 

2.335658 

2-335859 

2.336059 

2.336259 

201 

['7 

2-337459 

2.337659 

2-3378-58 

2.338058 

2. 338257 

200 

'18 

2-339451 

2.339650 

2.339849 

2.340047 

2.340246 

I99 

'9 

2-341434 

2.341632 

2.341830 

2.342028 

2.342225 

198 

20 

2.343409 

2.343605 

2.343802 

2.3.43999 

2-  34  4 1 96 

*97 

2-345374 

2.345570 

2.345766 

2.345961 

2.346157 

196 

.22 

2-3:733o 

2.347525 

2.347720 

2.347915 

2.3481 10 

*95 

23 

2.-349277 

2-349472 

2.349666 

2.349860 

2.3-50054 

*94 

.24 

2.351216 

2.35 1410 

2.351603 

2.351796 

2.351989 

*93 

-5 

2.353146 

2-353339 

2.353532 

2.353‘724 

2.353916 

*93 

26 

2.35  5068 

2.355260 

2.355451 

2.355643 

2-355834 

192 

:27 

2.356981 

2.357172 

2.357363 

'2-3  57554 

2-357744 

*9* 

r.28 

2.350886 

2.359076 

2.359266 

2.359456 

1  2.359646 

190 

X- 
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Num 

0 

1  '  1 

2 

3 

229 

2.359835 

2.360025  1 

2.360215 

2.360404 

230 

2.361728 

2.361917 

2.362105  j 

2.362294 

231 

2.363612 

2.363800 

2.363988  1 

2.364176 

232 

2.365488 

2.365675  1 

2.365862 

2.366049- 

233 

2.367356 

2.367542  ; 

2.367728  : 

2.367915 

234 

2.369216 

2.369401 

2.369587  1 

2.369/72 

235 

2.371068 

2-37 1 25  3 

2-37H37 

2.371622 

236 

2.372Q12 

2.373096 

2.373280 

2.373464 

2  37 

2.374748 

2-374932 

2.375115 

2.375298 

238 

2.376577 

2.376759 

2.376942 

2-377124 

239 

2.378398 

2.37858° 

2-378761 

2-378943 

240 

2.38021 1 

2.380392 

2-380573 

2.380754 

241 

2.382017 

2.382197 

2.382377 

2.382557 

242 

2.383815 

2-383995 

2.384174 

2-384353 

243 

2.385606 

2.385785 

2.385964 

2.386142 

244I 

2.38739° 

2.387568 

2.387746 

2.387923 

245 

2.380166 

2-389343 

2.389520 

2.389697 

246 

2.390935 

2.391m 

2.391288 

2.391464 

247 

2.392697 

2.392873 

2.393048 

2.393224 

248 

2.394452 

2.394627 

2.394802 

2.394977 

249 

2.396199 

2.396374 

2-396548 

2.396722 

250 

2.397940 

2.398114 

2.398287 

2.398461 

251 

2.399674 

2.399847 

2.400020 

2.400192 

252 

2.401400 

2.401573 

2.401745 

2.401917 

253 

2.463120 

2.403292 

2.403464 

2.403635 

254 

2.404834 

2.405005 

2.405175 

2.405346 

255 

2.406540 

2.406710 

2.40688 1 

2.407051 

256 

2.40S240 

2.408409 

2.408579 

2.408749 

2J7 

2-409933 

2.410102 

2.410271 

2.410440 

258 

2.41 1620 

2.41 1788 

2.41 1956 

2.412124 

259 

2.41330° 

2-4i3467 

2.413635 

2.413802 

260 

2-4H973 

2.415 140 

2-415307 

2.415474 

261 

2.416640 

2.416807 

2.416973 

2-4I7I39 

262 

2.418301 

2.418467 

2.4.18633 

2.418798 

263 

2.419956 

2.420121 

2.420286 

2.42045 1 

264 

2.421604 

2.421768 

2.421933 

2.422097 

265 

2.423246 

2.423410 

2-423573 

2423737 

266 

2.424882 

2.425045 

2.425208 

2.425371 

267 

2.426511 

2.426674 

2.426836 

2.426999 

268 

2.428135 

2.428297 

2.428459 

2.428621 

269 

2.429752 

2.429914 

2.430075 

2.430236 

27O 

2-43 »364 

Z-43I525 

2.431685 

2.431846 

27-1 

* - 3 

J  2.432969 

|2.433i29 

!  2.433290 

2-43345° 

2.360593 

2.362482 

2.364363 

2.366236 

2.368101 

2.369958 

2.371806 

2.373647 

2.37548! 

^377306 

2.379x24 
2.380934 
2-3  82737 

2-384533 

2.386321 

2.388101 

2.389874 

2.391641 

2.39340° 

2.395152 

2.396896 


2.398634 

2.400365 

2.402089 

2.403807 

2.405517 

2.407221 

2.408918 

2.410608 

2.412292 

2.41397° 

2.415641 

2.417306 

2.418964 

2.420616 

2.422261 

2.423901 

2-42S534 

2.427161 

2.428782 

2.430398 

2.432007 

2-4336i° 
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Juoi 

r* 

3 

6 

7 

8 

1  '  9 

Ditf. 

229 

2.360783 

2.360972 

2.361 161 

2-361350 

2-361539 

1  89 

250 

2.362671 

2.362859 

2.363048 

2.363236 

2.363424 

188 

231 

2.364551 

2.364739 

2.364926 

2.365113 

2.365301 

188 

j232 

2.366423 

2.366610 

2.366796 

2.366983 

2.307169 

I87 

’-33 

2.368287 

2.368473 

2.368649 

2.368844 

2.369030 

1 86 

:3  + 

2.370143 

2.370328 

2.370513 

2.370698 

2.370883 

185 

!:35 

2.371991 

2.372175 

2.372360 

2.372544 

2.372728 

184 

1:36 

2.373831 

2.374015 

2-374198 

2.374382 

2.374565 

1 84 

•37 

2.375664 

2.375846 

2.376029 

2.37621 2 

2.376394 

183 

r-33 

2.377488 

2.37767° 

2.377852 

2.378034 

2.378216 

182 

:39 

2.379305 

2.379487 

2.379008 

2.379849 

2.380030 

181 

'4° 

2.3811 15 

2.381296 

2-38i476 

2.381656 

2.381837 

181 

4' 

2.382917 

2.383097 

2.383277 

2.383456 

2.383636 

180 

!42 

2.38471 2 

2.384891 

2.385070 

2.385249 

2.385427 

179 

A  3 

2.386499 

2.386677 

2 . 3  8 6  8  5  5 

2.387034 

2.387212 

178 

44 

2.388279 

2.388456 

2.388634 

2.3888 1 1 

2.388989 

178 

!45 

2.390051 

2.390228 

2.390405 

2.390582 

2.390758 

*77 

46 

2.391817 

2.391993 

2.392169 

2.392345 

2.392521 

176 

47 

2-393S75 

2-393751 

2.393926 

2.394101 

2.394276 

176 

48 

2.395326 

2-395501 

2.395676 

2.395S50 

2.396025 

175 

49 

2.397070 

2.397245 

2.39744 

2.397592 

2.397766 

174 

15° 

2.398808 

2.398981 

2-3991 5^ 

2.399327 

2.399501 

173 

5 1 

2.400538 

2.40071 1 

2.400883 

■  2.401056 

2.401228 

1 73 

;2 

2.402261 

2.402433 

2.402605 

2.402777 

2.402949 

172 

33 

2.403978 

2.404149 

2.404320 

2.404492 

2.404663 

171 

34 

2.405688 

2.405858 

2.406029 

2.406199 

2  406370 

171 

>3 

2.407391 

2.407561 

2.407731 

2.407900 

2.408070 

170 

rJ 

2.409087 

2.409257 

2.409426 

2.409595 

2,409764 

169 

37 

2.410777 

2.410946 

2.41 1 1 14 

2.41 1283 

2.41 1451 

169 

;8 

2.41 2460 

2.412628 

2.41 2796 

2.41 2964 

2.413132 

168 

39 

2.414137 

2.414305 

2.414472 

2.414639 

2.414806 

167 

no 

2.415808 

2.415974 

2.416141 

2.416308 

2-4i6474 

167 

>1 

2.417472 

2.417638 

2.417804 

2,417970 

-K 

00 

w  I 

Uri  | 

166 

>2 

2.419129 

2.419295 

2.419460 

2.419625 

2-4I979I 

l6J 

•3 

2.420781 

2.420945 

2.421 1 10 

2.42 1 275 

2.421439 

165 

11 4 

2.422426 

2.422590 

2.422754 

2.422918 

2.423082 

164 

»5 

2.424064 

2.424228 

2.424392 

2.424555 

2.42471 8 

163 

»6 

2.425697 

2.425860 

2.426023 

2.4261 86 

2.426349 

163 

*7 

2.427324 

2.427486 

2.4276.18 

2.42781 1 

2.427973 

162 

«8 

2.428944 

2.429106 

2.429268 

2.429429 

2.429591 

162 

9 

2.430559 

2.430720 

2.430881 

2.431042 

2.431203 

161 

'0 

2.432167 

2.432328 

2.432488 

2.432649  j 

^32809 

160 

PI 

2.433770 

2.43393° 

2.434090 

2.434249 

r.434409 

160 

X  2 
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Num 

O 

1  | 

2  [ 

3 

4 

Dlff.  - 

272 

2.434569 

2.434728  2.434888 

2.435048 

2.435207 

I  5S  ' 

272 

2.436163 

2.436322  2.436481 . 

2.436640 

2.430798 

274 

2.43775 1 ■ 

2-4379°9 

2. 438067  . 

2.438226 

2.438384 

J5£  ! 

275 

2*439333’- 

2.439491 

2.439648 . 

2.439806 

2.439964 

15J'i 

276 

2.440909' 

2.441060  2.441224 

2.441381 

2.441538 

*57 

277 

2.442480 

2.442636 

2.442793 

2.442950 

2.443106 

157. 

278 

2.444045 

2.444201 

2-444357 

2.444513 

2.444OO9 

156 

279 

2.445604 

2.445760 

2.445915 

2.44607 1 

2.446226 

*5* 

280 

2.44715s’ 

2-4473 1 3 

2.447468 

2.447623 

2.447778 

*5i 

281 

2.448706 

2.448861 

2.449015  j 

2.449170 

2.449324 

.15. 

282 

2-450249 

.2.450403 

2.4505571 

2.45071 1 

2.450865 

‘5- 

283 

2.45 1786 

2.45194° 

2.4520931 

2.452247 

2.45 2400 

l5. 

284 

2.4533x8 

2-45  347* 

2.453624 

2-453777 

2-45393° 

»4: 

283 

2.454845 

2.454997 

2.455149 

2.455302 

2.455454 

x5: 

286 

2.456366 

2.4363 18 

2.436670 

2.456821 

2-456973 

*5: 

287 

2. 4*57882 

2.458033 

2.458184 

2.458336 

2.458487 

lS 

288 

2*459392 

2.459543 

2.459694’ 

2. 459845 

2.459995 

lS 

289 

2.460898 

2.461048 

2.461 198 

2.461348 

2.461498 

I5C 

290 

2.462398 

2.462548 

2.462697 

2.462847 

2.462997 

x5J 

291 

2463893 

2.464042 

2.464191 

2.46434O 

2.464489 

14c 

292 

2-465383 

2.465532 

2.465680 

2.465829 

2.465977 

14 

-93 

2.466868 

2.467016 

2.467164 

2.467312 

2.467460 

i4<c 

294 

2.468347 

3.468495 

2.468643 

2.46879O 

2.468938 

h; 

293 

2.469822 

2.460960 

2.4701 16 

2.470263 

2.470410 

h. 

296 

2.471292 

2.471438 

2.47x585 

2-47 1 73  2 

2.47 1 87S 

14 

.397, 

2.472756 

2.472903 

2.473049 

2-473I95 

2.473341 

298 

2.4742x6 

2.474362 

2.474508 

2.474653 

2.474799 

2.99 

2.475671 

2.475816 

2.475962 

2.476107 

2.476252 

H 

300 

2.477121 

2.477266 

2-47741 1 

2-477555 

2.47770° 

H 

3°  1 

2.478566 

2.47871 1 

2-4'^855 

2.478999 

2.479x43 

H 

302 

2.48^607 

2.4801.5 1 

2.480294 

2.480438 

2.480582 

1 4 

3°3 

2-48i443, 

2.48 1 5  86 

2.481729 

2.481872 

2.482016 

H, 

304 

2.48287^ 

,  2.48,3016 

2.4S3159 

2.483302 

2.483445 

14: 

3°5 

2.484300 

2.484442 

2.484584 

2.484727 

2.484869 

14 

306 

2.485721 

2.485863 

2.486005 

2.486147 

2.486289 

14 

307 

2.487138 

2.487280 

2.487421 

2.487563 

2.487704 

14 

308 

2.488551 

2.488692 

2.488833 

2.488973 

2.4891 14 

H 

3°9 

2.489958 

2.490099 

2.490239 

2.490380 

2.49052c 

14 

310 

2.49x362 

2.491 502 

2.491642 

2.491782 

2.491922 

14 

3ix 

2.492760 

2.492900 

2.493040 

2.493x79 

2*4933  J9 

J3 

312 

2.^.94155 

2.494294 

2494433 

2.494572 

2.4947 1 1 

*3, 

313 

1  2-495544 

2.495683 

2.495822 

2.495960 

2,496099 

13 

3H 

2.496930 

2.497068 

2.497206 

2.497344 

2.497482 

l3 

from  i  to  10000.  (  325  ) 


s 

6 

7 

8 

9 

Diff. 

2.4.35366 

2.435526 

2.435685 

2.435844 

2.436004 

1 59 

2.430957 

2.43711 6 

2.437275 

2-437433 

2-437592 

'59 

2.438542 

2.438700 

2438859 

2.439017 

2-439' 75 

158 

2.440122 

2.440279 

2.440437 

2.440591 

2.440752 

158 

M 4*695 

2.441 852 

2,44 '.009 

2.4421 66 

2.442323 

i57 

-•443z63 

2.443419 

2.44357b 

2-443732 

2.443888 

'57 

2.444825 

2.444981 

2.445137 

2.445293 

2.445448 

156 

2.446382 

2-446537 

2.446692 

2.446848 

2.447003 

*55 

2-447933 

2.448088 

2.448242 

2-44*397 

2.448552 

*55 

2.449478 

2.449633 

2. 449787 

2-44994' 

2.450095 

1 54 

2.45 ioi 8 

2.4.5 1 172 

2.451326 

2.45 1 479 

2.451633 

1 54 

2.452553 

2.452706 

2.452859 

2.453012 

2.453165 

1 53 

2.454082 

2.454235 

2454387 

2.45454° 

2.454692 

*53 

2.455606 

2.455758 

24559'° 

2,456062 

2.456214 

152 

2.457125 

2.457276 

2457428 

2457579 

2.457730 

1 52 

2.458638 

2.458789 

2.458940 

2.459091 

2.459242 

151 

2.4601 46 

2.460296 

2.460447 

2.400597 

2.460747 

>5> 

2.461 649 

2.461799 

2.461948 

2.462098 

2.462248 

150 

2.463146 

2.463296 

2463445 

2.463594 

2.463744 

15° 

2.464639 

2.464787 

2.464936 

2.465083 

2.465234 

149 

2.4661 26 

2.466274 

2.466423 

2.466571 

2.466719 

*49 

2.467608 

2.467756 

2.4O7904 

2.468052 

2.468200 

148 

2.469085 

2.469233 

2.469380 

2.469527 

2.469675 

>47 

2.470557 

2.470704 

2.47085 1 

2.470998 

2.471 145 

>47 

2.472025 

2.472171 

2.472317 

2.472464 

2.472610 

146 

2.473487 

2.473633 

2.473779 

2.473925 

2.47407° 

146 

2.474944 

2.475090 

2.475235 

2.475381 

2.475526 

146 

2.476397 

2.476542 

2.476687 

2.476832 

2.476976 

>45 

2.477844 

2.477989 

2.478133 

2.478278 

2.478422 

145. 

2.479287 

2.479431 

2-479575 

2.479719 

2,479863 

144 

2.480725 

2.480869 

2.48101 2 

2.481 156 

2.481299 

>44 

2.482159 

2.482302 

2.482445 

2.482588 

2.482731 

>43 

2.483587 

2.483730 

2.483872 

2.48401 5 

2.484157 

'43 

2.48501 1 

2.485i53 

2485295 

2.485437 

2.485579 

142 

2.486430 

2.486572 

2.486714 

2.486855 

2.486007 

142 

2.487845 

2.487986 

2.488127 

2.488269 

2.488410 

>4* 

2,489255 

2.489396 

2.489537 

2.489677 

2.489818 

141 

2.490661 

2.490801 

2.490941 

2.491081 

2.491  222 

1^0 

2.492062 

2.492201 

2.492341 

2.492481 

2  492621 

140 

2.493458 

2-493597 

2-493737 

2.493876 

2.494015 

>39 

2.49485° 

2.494989 

2.495128 

2.495267 

2.495406 

'39 

2.496237 

2.496376 

2.496514 

2.496653 

2-49679I 

>39 

2.497621 

1  2497759 

2.497897 

2.498035 

2.498173 

13*, 

(  326  )  A  Table  of  Logarithms, 


Num 

0 

I 

2 

3 

4  (Diff.  J 

3*5 

2-49831  * 

2.498448 

2  498586 

2.498724 

2.498862 

138  , 

316 

2.499687 

2.499824 

2.499962 

2.5OOIOO 

2.500236 

*37 

3*7 

2.501059 

2.501 196 

2.501333 

2.501470 

2.501607 

*37 

318 

2.502427 

2.502564 

2.5027OO 

2.502837 

2.502973 

136 

3*9 

2.503791 

2.503927 

2.504063 

2.504199 

2.504335 

136 

320 

2.5051  50 

2.505286 

2.505421 

2.505557 

2.505693 

136 

321 

2.506505 

2.506640 

2.500775 

2.50691 1 

2.507046 

*35 

322 

2.507856 

2.507991 

2  508125 

2.508260 

2.508395 

*35 

323 

2.509202 

2,509337 

2.509471 

2.509606 

2.509740 

*34 

324 

2  •  5 1 °54  5 

2.510079 

2.51081 3 

2.5*0947 

2.51 1081 

*34 

325 

2.5  1 1 883 

2.5 12017 

2.5 1 21 50 

2  512284 

2.512417 

*33 

326 

2  513218 

2- 5  1 3  3  5  * 

2.513484 

2.513617 

2.513750 

*33 

327 

2.5145+8 

2.514680 

2.514813 

2.514946 

2.515079 

*33 

328 

2-5 1 5*74 

2.516006 

2.516139 

2.516271 

2.516403 

1  32 

329 

2.517196 

2.517328 

2.5 17460 

2.517592 

2.517724 

132 

330 

2.518514 

2.518645 

2.518777 

2  518909 

2.519040 

132! 

33* 

2.519828 

2.519959 

2  520090 

2.520221 

2.520352 

*3* 

332 

2.521138 

2.521 269 

2.521400 

2.521 530 

2.521661 

131; 

333 

2.522444 

2.522575 

2  522705 

2.522835 

2.522966 

130 

334 

2.523746 

2.523876 

2.524006 

2.5241 36 

2.524266 

*3°; 

33? 

2. 525045 

2.525174 

2.525304 

2-S25433 

2.525563 

*3° 

336 

2.526339 

2.526468 

2.526598 

2.526727 

2.526856 

I  29 

337 

2.527630 

2.527759 

2.527888 

2.528016 

2.528145 

129 

338 

2.528917 

2.529045 

2.529174 

2.529302 

2.529430 

128 

339 

2.5302OO 

2.530328 

2.530456 

2.530584 

2.530712 

1 28 

34° 

2-53*479 

2.531607 

2.53*734 

2.531862 

2.531989 

1 28 

34* 

2-532754 

2.532882 

2.533009 

2.533136 

2.533263 

127 

342 

2.534026 

2.534153 

2.534280 

2.534407 

2-534534 

127 

343 

2.535294 

2.535421 

2-535547 

2-535674 

2.535800 

126 

344 

2.536558 

2.536685 

2.5368 1 1 

i2-536937 

2.537063 

126 

345 

2.537819 

2.537945 

2.538071 

12.538197 

2.538322 

1 26 

346 

2.539076 

2.5  39202 

2.539327 

12.539452 

2-539578 

125 

347 

2.540329 

2.540455 

2.540580; 2.540705 

2.540830 

125 

348 

2.541579 

2.541704 

2.541829 

!  2.54*953 

2.542078 

125} 

349 

2.542825 

2.542950 

2.543074 

2.543*99 

2-543323 

124 

35° 

2.544068 

2-544*92 

2.5443*6 

2.544440 

2.544564 

124 

35* 

2-5453°7 

2-54543* 

2-545554 

2.545678 

2.545802 

124 

3S2 

2.546543 

2.546666 

2.546789 

2.546913 

2.547036 

123; 

353 

2-547775 

2.547898 

2.548021 

2.548144 

2.548266 

123 

354 

2.549003 

2.5491 26 

2.549249,2.54937* 

2.549494 

*23 

355 

2.550228 

2.550351 

I2-550473 

2.55059? 

2.5507*7 

122: 

356 

2.55145° 

2.551572 

12.551694 

;  2.351816 

2.551938 

122;; 

357 
»-*<.■ - 

2.552668 

2.552790 

1 2.5529*  * 

2.553033 

2.553154 

12, 

from  1  to 

I OOOO 

(  3*7  ) 

Num 

5  1  6 

7 

8 

9 

Diff. 

13*5 

2.498999  2.499:37 

2.499275 

2.4994:2 

2.499550 

138 

Uji6 

2.500374 :  2.50051 1 

2.500648 

2.500785 

2.500922 

137 

3*7 

2.501744  2.501880 

2.50201 7 

2.502:54 

2.502290 

137 

[3 1 8 

2.503109  2.503246 

2.503  382 

2.5035:8 

2.503654 

1 36 

l3;Q 

2.504471  2.504607 

2-5°4743 

2.504878 

2.5050:4 

1 36 

32° 

2.505828  2.505963 

2.506099 

2.506234 

2.506370 

1 36 

321 

2.50718:  2.507316 

2.50745: 

2.507586 

2.50772: 

1 35 

1 3z2 

2.308530  2.508664 

2.508799 

2.508933 

2.50906S 

1 35 

3o 

2.509874  :  2.5:0008 

2.510:43 

2.5I0277 

2.5 :o4: : 

134 

2.5;  2:  2.5::  348 

2.5:  1482 

2.5: 1616 

2. 51:750 

■  I34^ 

3 

2.^  ^5  5  i  2.^1208^ 

2.5:28:8 

2.5:295: 

2.5:3084 

1 33 

i34& 

2.5:3883  2.5:4016 

2.5:4:49 

2.5:4282 

2.5:4415 

*13 

327 

2.5152: 1  j  2.5:5344 

2-5:5476 

2.5:5609 

2.515741 

1 33 

'528 

2.5x6535  2.5:6668 

2.5:6800 

2.5:6932 

2.5:7064 

132 

329 

2.5:7855 1 2.517987 

2.5:8:  :9 

2.5:8251 

2.5: 8382 

132 

I !  3 20 

2. 5:9:7:  2.5:9303 

2.519434 

2.5:9565 

2.519697 

J  32 

3  3 1 

2.520483  2.5206:4 

2.520745 

2.520876 

2.52:007 

*3* 

3  32 

2.52: 792  j  2.52:922 

2.522053 

2.522:83 

2.5223:4 

131 

333 

2.523096 1  2.523226 

2.523356 

2.523486 

2.5236:6 

*3° 

!  334 

2.524396  2.524526 

2.524656 

2.524785 

2.5249:5 

130 

333 

2.525692  2.525822 

2.52595: 

2.52608: 

2.5262:0 

129 

'3° 

2  526985  2.527:  :4 

2.527243 

2.527372 

2.527501 

129 

3  37 

2.528274  2.528402 

2.52853: 

2.528660 

2.528788 

129 

3  3 '7 

2.529559  2.529687 

2.5298:5 

2.529943 

2.530072 

128 

33° 

2.530840 |  2.530968 

2.53:095 

2.53:223 

2.53:351 

123 

3+° 

2.532117  2.532245 

2.532372 

2.53250° 

2.532627 

128 

34! 

2.53339:  2.5335:8 

2-533645 

2.533772 

2-533899 

127 

342 

2.53466:  2.534787 

2.5349:4 

2.535041 

2.535:67 

127 

343 

2.535927  2.536053 

2.536:79 

2.536306 

2.536432 

126 

344 

2.537189  2.5373:5 

2.53744: 

2.537567 

2.537693 

1 26 

i343 

2.558448  2.538574 

2.538699 

2.538825 

2.538951 

126 

1  ?•  4  0 

2-5397°3  !  2-539829 

2-539954 

2.540079 

2.540204 

125 

,347 

2.540955  2.54:080 

2.54: 205 

2-541 33° 

2.5^1454 

125 

348 

2.542203  2.547327 

2.542452 

2.542576 

2.542701 

125 

349 

2.543447  2.54357: 

2.543696 

2,543820 

2.543944 

124 

35° 

2.544688  2.5448:2 

2.544936 

2.545060 

2.545183 

1 24 

35' 

2.545925  2.546049 

2.346:72 

2.546296 

2.546419 

1 24 

352 

2.547:59  2,547282 

2.547405 

2.547529 

2.547652 

123 

353 

2.548389  2  548512 

|2. 548635 

2.548758 

1 2.548881 

X  23 

334 

2.5496:6  2.549739 

2.54986: 

2.549984 

j  2.550106 

123 

355 

2.550840  2.550962 

2.55:084 

2.55:206 

1 2.551328 

I  22 

356 

2.552059  2.552:8: 

2.552303 

2.552425  2.552546 

I  22 

.357 

j  2  553276  2.553397 

1 2-5 5 3 5 1 9 1  2-553°4° 

12.553762 

1  2li 

<  I 


I  ' ' " 


(  328  )  A  Table  of  Logarithms, 


Num 

0 

1 

2 

3 

4  IDiff. 

358 

2.553883 

2.554004 

2.5541 26 

2.554247 

2.554368 

1  21 

359 

2.555094 

1  -  5  5  5  2 1  5 

2-5  5533° 

2-555457 

2.555578 

121 

360 

2.559302 

2.556423 

2.556544 

2.556604 

2.556785 

121 

361 

2.557507 

2.557627 

2.55774S 

2.557868 

2.557988 

1  2( 

362 

2.558709 

2.558828 

2.558948 

2.559068 

2.5591 88 

I  21 

363 

2.559907 

2.560026 

2.560146 

2.560265 

2.560385 

I2C 

364 

2. 561101 

2.561 221 

2.561 340 

2.561459 

2.561578 

1 IC 

365 

2.562293 

2.5624I 2 

2  562531 

2.562650 

2.562768 

1  1 

366 

2.563481 

2,563600 

2.563718 

2.563837 

2-56395S 

1  1 

367 

2.564666 

2.564784 

2.564903 

2.565021 

2.565139 

1  1 

368 

2.565848 

2.  565466 

2.566084 

2  500202 

2.566320 

1 1 

369 

2  567026 

2.567144 

2.567262 

2.567379 

2.567497 

1  I 

37° 

2.568202 

2.568319 

2.568435 

2.568554 

2. 568671 

I  1 

371 

2.569374 

2.569491 

2.569608 

2.569725 

2  569842 

1  I 

37? 

2\57°543 

2.570660 

2.570776 

2.570893 

2.571010 

1  1 

373 

2-5717°9 

2.571824 

2- 57*942 

2.572058 

2.572174 

1  1 

1 

374 

2.572872 

2.572988 

2  5/3IO4 

2.573220 

2-573336 

'I 

375 

2.574031 

2.574147 

2.574263 

2-574379 

2.574494 

I  I 

376 

2.575188 

2.575303 

2  575419 

2  575534 

2.57565° 

I  I 

» 

377 

2.576341 

2.576456 

2.576572 

2.576687 

2.576802 

1  I 

378 

2.577492 

2.577607 

2  577721 

2.577836 

2-577951 

II 

379 

2.578639 

2.578754 

2.57886S 

2.578983 

2.579097 

11: 

380 

2.579784 

2.579898 

2.580012 

2.580126 

2.580240 

11 

38- 

2.580925 

2-58 1039 

2.58U53 

1 2.581 267 

2.581381 

1  I 

1 

382 

2.582063 

2.5821 77 

2.582291 

2.582404 

2.582518 

I  1 

383 

2-583i99 

2.583312 

2.583425 

'2.583539 

2.583652 

I  I 

384 

2  584331 

2.584444 

2.584557 

I  2.584670 

2.584783 

I  1 

385 

2.585461 

2.585573 

2.585686 

[2.585799 

2.585912 

1  1 

386 

2.586587 

2  586700 

2.58681  2 

[ 2. 586925 

2.587037 

I  I 

387 

2.587711 

2.587823 

2-587935 

' 2.588047 

2.588160 

I  I 

388 

2.588832 

2.588944 

2.589055 

j  2.589167 

2.589279 

I  I 

389 

2-58995° 

2.590061 

2.590173 

2.590284 

2  590396 

I  I 

39° 

2.591065 

2.591 176 

2.591287 

2.59^398 

2.591510 

1  I 

39 » 

2.592177 

2.592288 

‘2.592399 

2.5925 10 

2.592621 

1  I 

392 

2.593286 

2.593397 

V2-5935°8 

2-5936iS 

2.593729 

I 

393 

2.594392 

2-5945°3 

2.594013 

2.594724 

2.594834 

I  I  1 

394 

2.595496 

2.595606 

2.595717 

2.595827 

2-595937 

I  I< 

395 

2.59^597 

2.596707 

2.596817 

2.596927 

2-597037 

11' 

396 

2.597695 

2.597805 

2.597914 

2.598024 

2.598134 

II 

397 

2.598790 

2.598900 

2.599009 

2.5991 19 

2.599228 

10 

398 

2.599883 

2.599992 

2.600101 

2.606210 

2.600319 

10 

399 

2.600973 

2.601082 

2.601 19c 

2.601 299 

2.601408 

10' 

400 

2.602060 

2.602168 

2.602277 

2.602386 

2.602494 

1C- 

from  1  to 

10000 

f  329 

)  | 

Num 

5  5 

6 

7 

8 

9  1 

358 

2.554489 

2.554610 

2.554731 

2.554852 

2-554937 

121 

359 

2.555699 

2.55  5820 

2.55594° 

2.5  30o6i 

2.556182 

I  21 

360 

2.556905 

2.557026 

2.557146 

2.557266 

2.557387 

121 

361 

2.558108 

2.5  58228 

2.558348 

2.558469 

2.558589 

I  20 

1  362 

2.559308 

2.559428 

2.559548 

2.559667 

2.559787 

I  20 

363 

2.560504 

2.560624 

2.560743 

2.560863 

2.560982 

II9 

3^4 

2.561697 

2.56181 7 

2.561936 

2.562055 

2.562174 

**9 

!  365 

2.562887 

2.563006 1 

2.563125 

2.563244 

2.563362 

1*9 

366 

2.564074 

2.564192 

2.5643U 

2.564429 

2.564548 

1*9 

I  367 

2.365257 

2*565375 

2.565494 

2.56561 2 

2.565730 

1 1 3 

368 

2. 56:, 437 

2.500555 

2.566673 

2. 56679 1 

2.566QOQ 

118 

369 

2.567614 

2.567732- 

2.567849 

2.567967 

2.568084 

1 1 8 

370 

2.568788 

2.568905 

2.569023 

2.569140 

2.569257 

*  *  7 

37* 

2.569959 

2.570076 

2.570193 

2.570309 

2.570426 

**7 

11 1 

2.571 1 26 

2.571243 

2-57I359 

2.571476 

2.571592 

**7 

373 

2.572291 

2.572407 

2.572523 1 

2.572639 

2.572755 

116 

374 

*•57345* 

2.573568 

-  2-573084 

2.573800 

2-5739*5 

116 

'  373 

2.574610 1 

2.574726 

|2. 574841 

2-574957 

2.575072 

1 16 

i  3  76 

2.575765 , 

2.575880 

2.575996 

2.5761 1 1 

2.570226 

*  *  5 

|  377 

2.576917 

2.577032 

I2- 577*47 

2.577262 

2-577377 

1  *  5 

37s 

2.578066 

2.578181 

2.578295 

2.578410 

2.578525 

*  *5 

i  379 

2  57921 2 

2.579326 

2.579441 

2-579555 

2.579669 

**4 

:  380 

2.580355 

2.580469 

2.580583 

2.580697 

2.5808 1 1 

*  *4 

381 

2.581495 

2  581608 

2.581722 

2.581836 

2.581Q50 

**4 

|  38z 

2.582631 

2.582745 

2.582858 

2.582972 

2,583085 

*  *4 

1  383 

2.583765 

2.583879 

2.583992 

2.584105 

2.5842x8 

*  *  3 

384 

2.584896 

2.585009 

2.5851 22 

2.585235 

2.585348 

*  *  3 

38S 

2.586024 

2.586137 

2.586250 

2.586362 

2.586475 

*  *  3 

1  38<> 

2.587149 

2.587262 

2.587374 

2.587486 

2.587599 

1 12 

387 

2.588272 

2.588384 

2,588496 

2.588608 

2  588720 

1 1 2 

|  388 

2.589391 

2.589503 

2.589614 

2.589726 

2.589838 

1 12 

1  389 

2.590507 

2.59061 9 

2.59073° 

2.590842 

2.590953 

1 1 2 

390 

2.591621 

2.591732 

2.591843 

2-59*955 

2.592066 

1 1 1 

391 

2.592732 

2.592843 

2.592954 

2-393o64 

2-593*75 

1 1 1 

392 

2.593840 

2.593950 

2.594061 

2,59417* 

2.594282 

1 1 1 

393 

2.594945 

2.595055 

2-595 1 65 

2.595276 

2.595386 

no 

394 

2.596047 

2.596157 

1  2- '596267 

2  596377 

2,596487 

1  to 

395 

2-597H6 

2,597256 

2.597366 

2.597476 

2.597585 

110 

'  396 

2.598243 

2  598353 

'2.598462 

2.598572 

2.598681 

110 

1  397 

2-599337 

2.599446 

2.599556 

2.599665 

2.599774 

109 

398 

2.600428 

2.600537 

2.600646 

2.60075; 

2  600864 

*°9  | 

399 

2.601517 

2.601625 

2.601734 

2.601 843 

2.601951 

109! 

40c 

1  2  602602 

2.60271 1 

2.6028  19 

2.602928 

[2.603036 

108  J 

(  33°  } 

A  Table  of  Logarithms, 

Num 

0 

1 

2 

3 

4 

401 

2. 603144 

2,605253 

2.603361 

2.603469 

2.603577 

402 

2.604226 

2.604334 

2.604442 

2  604550 

2.604658 

4°  3 

2.605305 

2.605413 

2.605520 

2.605628 

2  605736 

404 

2.60638 1 

2.606489 

2.6306596 

2.606704 

2.60681 1 

405 

2  607455 

2.607562 

2.607669 

2.607777 

2.607884 

406 

2.608526 

2.608633 

2.608740 

z. 608847 

2.608954 

407 

2.609594 

2.609701 

2.609808 

2.609914 

2.610021 

408 

2.010660 

2.610767 

2.610873 

2.610979 

2.61 1086 

4°9 

2.61 1 723 

2.61 1829 

2.61 1936 

2.61 2042 

2.61  2148 

410 

2  612784 

2.61 2890 

2.61 2996 

2.613102 

2.61 3208 

4' 1 

2.61 3842 

2.613947 

2.614053 

2  6141 39 

2.614264 

41  2 

2.614897 

2.61 5003 

261 5 108 

2.615213 

2.615319 

413 

2.61 5950 

2.616055 

2  61  b: 60 

2.616265 

2.616370 

414 

2.61 7000 

2.617105 

2.61  7210 

2.61731 3 

2.617420 

41  $ 

2  618048 

2.61 81 33 

2  618257 

2.618362 

2.618466 

416 

2.61 qog 3 

2.619198 

2.619302 

2.619406 

2.61951 1 

4 l7 

2.6201 36 

2.620240 

2.620344 

2  620448 

2.620552 

4 1 3 

2.621 1 76 

2.621 280 

2.621  384 

2  621488 

2.621 592 

419 

2.622214 

2.6223 1  8 

2,622421 

z. 622523 

2.622628, 

42O 

2.623249 

2.623353 

2.623456 

2  623559 

2.623  '63 

42  1 

2.624282 

2.624385 

2.624488 

2.624591 

2.624694 

422 

2.6253 1 2 

2  625415 

2.625518 

2.6256ZI 

2.625724 

423 

2.626340 

2.626443 

2.626546 

2.626648 

2.626751  ' 

424 

2.627366 

2.627468 

2.62757  1 

2.627673 

2.627773 

,425 

2.628389 

2.628491 

2.628593 

2.628693 

2.6287971 

426 

2.629410 

2.62931 1 

2.62961  3 

2.6297  f'3 

2.629817 

427 

2  630428 

2.630529 

2.630631 

2.630733 

2  630834 

428 

2.631444 

2  631545 

2.631647 

2.63  1748 

2.631849 

429 

2.632457 

2.632338 

2.632660 

2.632761 

2.632862 

430 

2.633468 

2.633569 

2.633670 

2  633771 

2.633872 

43 1 

2.634477 

2.634578 

2.634679 

2.634779 

2,634880 

432 

2.635484 

2.635584 

2.635685 

2.635783 

2.633886 

433 

2.636488 

2.636388 

2.636688 

2.636789 

2.636889 

434 

2.637490 

2.637390 

2.637690 

2.63779° 

2.637890 

435 

2.638489 

2.638589 

2.638689 

2.638789 

2.638888 

436 

2.639486 

2.639586 

2,639686 

2.639785 

2.639885 

437 

2.640481 

2.640581 

2.640680 

2.640779 

2.640879 

43s 

2.641474 

2.641573 

2.641 672 

2.641771 

2.641 870 

439 

2.642464 

2.642563 

2.642662 

2.642761 

2.642860 

440 

2-643453 

2.643551 

2.643650 

2.643749 

2  643847 

441 

2.644439 

2.644537 

2.644635 

2.644734 

2.644832 

442 

2.643422 

2.643520 

2.645619 

2.643717 

2.64581 5 

443 

2.646404 

2.646502 

2.646600 

2.646698 

2.646796 

from  i  to  10000. 


[Num 

5 

6  1 

7 

8 

9 

Diff. 

4°i 
4°  2 

403 

1  404 

1  405 

406 

407 

40S 

409 

1  410 

2.603685 
2.604766 
2.605843 
2.60691 8 
2.607991 
2.609060 
2.6101 28 
2.61 1 192 
2.612254 
2.613313 

2.603794' 
2.604874 
2-605951 
2.607O26 ! 
2.608098 
2.609167 
2.610244 ’ 
2.6l  I  298 
2.61 2360 
2.613419 

2.603902 
2.604982 
2.606059 
2.607133 
2,608205 
2.609274 
2.610341 
2.61 1405 
2.612466 
2.61 3525 

2.604010 
2.605089 
2.606166 
2.607240 
2.60831 2 
2.609381 
2.610447 
2.61 1 51 1 
2.612572 
2.613630 

2.6041 18 

2.605197 
2.606274 
2.607348 
2.608419 
2.609488 
2.61 0354 
2.611617 
2.61 2678 
2.613736 

108 

108 

108 

107 

107 

107 

107  - 

106 

106 

106 

41 1 

412 

413 

4'4 

4*5 

416 

4*  7 
418 

1  4*9 

420 

421 

2.614370 
2.61 5424 
2.61647  5 
2.617524 
2.618571 
2.619615 
2.620656 
2.621695 
2.622732 
2.623766 
2.624798 

2.014475 
2.61 5529 
2.610580 
2.617629 
2.618675 
2.619719 
2.620760 
2.621799 
2.622835 
2.623869 
2.624901 

2.614581 

2.615634 

2.616685 

2.617734 

2.618780 

2.619823 

2.620864 

2.621903 

2.622939 

2.623972- 

2.625004 

2.614686 
2.615740 
2.616790 
2.61 7839 
2.61 8884 
2.619928 
2.620968 
2.622007 
2,623042 
2.624076 
2,625 107 

2.614792 
2.61 5845 
2.616895 
2.617943 
2.61 8989 
2.620032 
2.621072 
2.6221 10 
2.623146 
2.624179 
2.625209 

106 

1 05 

i°5 

!°5 

105 

104 

104 

104 

104 

103 

»Q3 

103 

103 

102 

102 

102 

102 

IOl 

IOI 

IOO 

IOO 

IOO 

i  4Z2 

423 

424 

S  425 

426 

427 

1  428 

429 

430 

431 

432 

2.625827 

2.626853 

2.627878 

2.628900 

2.629919' 

2.630936 

2.631951 

2.632963 

2.633973 

2.634981 

2.635986 

2.625929 
2.626956 
2.627980 
2.629002 
2.630021 
2.63 1038 
2.632052 
2.633064 
2.634074 
2.635081 
2.636086 

2.626032 
2.627058 
2.628082 
2.629104 
2.6301 23 
2.631139 
2.632153 
2.633165 
2.634175 
2.6351 82 
2.636187 

2.626135 

2.627161 

2.628184 

2.629206 

2.630224 

2.631241 

2.632255 

2.633266 

2.634276 

2.635283 

2,636287 

2.626238 
2.627263 
2.628287 
2.629308 
2.630326 
2.631342 
2.632356 
2-63336  7 
2.634376 

2-635383 

2.636388 

433 

2.636989 

2.637089 

2.637189 

2.637289 

2.637390 

IOO 

434 

2.637990 

2.638090 

2.638190 

2.658280 

2.63S389 

99 

:  433 

2.638988 

2.639088 

2.639188 

2.650287 

2.639387 

99 

436 

2.639984 

2.640084 

2.640183 

2.640283 

2.640382 

99 

437 

2.640978 

2.641077 

2.641 176 

2  641276 

2.641375 

99 

438 

2.641970 

2.642069 

2.642168 

2.642267 

2.642366 

99 

439 

2.642959 

2.643058 

2.643156 

2.643255 

2.643354 

99 

440 

2.643946 

2.644044 

2.644143 

2.644242 

2.644340 

98 

441 

2.644931 

2.645029 

2.645127 

2.645226 

2.645324 

98 

44  2 

2.645913 

2.64601 1 

2.646109 

2.646208 

2.646306 

98 

443 

2.646894 

2.646991 

2.647089 

2.647187 

2.647285 

98 

(  332  ) 

A  Table  of  Logarithms, 

Num 

O 

I 

2 

3 

4 

Diff. 

444 

2.647383 

2,647481 

2.647578 

2.647676 

2.647774 

9B 

445 

2.648360 

2.648458 

2.648555 

2  648653 

2.648750 

97 

446 

2.649335 

2.6494321 

2  649530 

2.649627 

2  649724 

97 

447 

2.650307 

2.650405 

2  650502 

2.650599 

2.650696 

97 

448 

2  651278 

2-b5'375 

2.65 1472 

2  651509 

2.65 1 666 

97 

449 

2.652246 

2.652343; 

2.652440 

2.652536 

2.652633 

97 

45° 

2.653212 

2  653309 

2.653405 

2.653502 

2.653598 

96 

45' 

2.654176 

2.654273 

2.654369 

2.654465 

2.654562 

96 

452 

2.644 1 38 

2.655234' 

2.655331 

2.655427 

2.655523 

96 

453 

2  656098 

2.656194 

2.656290 

2.656386 

2.65648 1 

96  .  J 

4>4 

2,647046 

2.6571 5 1 

2.657247 

2  657343 

2.65743S 

96 

45  5 

2. 65801  1 

2.658107 

2  658202 

2.658298 

2.058393 

95 

456 

2.658964 

2.659060 

2  659155 

2.659250 

2.659346 

95 

457 

2.649916 

2.66001 i 

2.660106 

2.660201 

2.060296 

95 

458 

2.660865 

2.66096 0 

2  661055 

2  661150 

2.661 245 

95 

459 

z. 661 81 3 

2.661907 

2,662002 

2.662096 

2.662: 91 

95  ; 

460 

2.662758 

2.662852 

2.662947 

2  663041 

2.6631 35 

94 

461 

2.663701 

2.663794 

2.663889 

2.663983 

2.664078 

94  |k 

462 

2.664642 

2.664736 

2  664830 

2.664924 

2.665018 

94  i 

463 

2.665481 

2  664674 

2.665768 

2  665862 

2.665956 

94  f 

464 

2.660518 

2.66b6i 2 

2.666705 

2.666799 

2.660892 

94 

465 

2.667453 

2.667546 

2.667640 

2.667733 

2.667826 

93 

466 

2.668386 

2  668479 

2.668572 

2.668665 

2.668758 

93 

467 

2.669317 

2.669410 

2.669503 

2.669596 

2.609689 

S3  . 

468 

2.670246 

2.670339 

2. 670431 

2  670524 

2.67061 7 

93 

469 

Z. 671173 

2.671 265 

2.671358 

2.671451 

2.671  543 

93  . 

47° 

2  672098 

2.672190 

2.672283 

2.672375 

2  6724.:  7 

02, 

471 

2,673021 

2.6731 13 

2.673205 

2.673297 

2  673390 

92$, 

472 

2.673942 

2.674034 

2.6741  26 

2.67421 8 

2.67431 .. 

9 2 

473 

2.674861 

2.674953 

2.675045 

2.6751 36 

2.675228 

92 

474 

2.675778 

2.675870 

2.675961 

2.67605  3 

2.670145 

92 

475 

2.67O694 

2.676785 

2.676876 

2.676968 

2.677059 

2L 

476 

2.677607 

2.677698 

2.O77789 

2.677881 

2  677972 

91  » 

477 

2.678518 

2.678609 

2.678700 

2.678791 

2.678882 

99 

478 

2.679428 

2.679519 

2.679610 

2.679700 

2.679791 

91 

479 

2.68033S 

2.680426 

2.680517 

2.680607 

2. 680698 

9* 

480 

2.68l  241 

2.681332 

2.681422 

2.681513 

2.681603 

90 

481 

2.682I45 

2.682235 

2.682326 

2.682416 

2.6S2506 

90 

482 

2.683O47 

2.683137 

2.683227 

2.683317 

2.683407 

90 

483 

2.683947 

2.684037 

2.6841  27 

2.684217 

2.684307 

90 

484 

2.684845 

2.684935 

2. 685O25 

2.6851 14 

2.6S5ZO4 

90 

484 

2.685742 

2.685831 

2.68592I 

2.686010 

2.686100 

89 

4^ 

2.686636 

2.686726 

2,686815 

2.686904 

2.686994 

89 

from  1  to  10000. 

(  333 

) 

Nam 

5 

6 

7  1 

8 

9 

Diff 

!  444 

2.647872; 

2.647969 

2.648067 

2.648165 

2.648202 

98 

445 

2.648848: 

2.648945 

2.649043 

2.649140 

2.649237 

97 

446 

2.649821 

2.649919 

2.65001G  2.0501 13 

2.650210 

97 

447 

2.650793 

2.650890 

2.650987 

2.05  JO84 

2.651 1 81 

97 

448 

2.651752 

2.65 1 859 

2.65 1956 

2.652053  j 

2.6521 50 

97 

449 

2.652730 

2.652826 

2.652923 

2.65301 9 

2.6531 j6 

97 

45° 

2.653695  1 

2.653791 

2.653888  j 

2.653984 

2.654080 

96 

+5 1 

2.654658 

2.654754 

2.654850 

2.654946 

2.655042 

96 

45  2 

2.655619 

2-655 7*4 

2.655810 

2.655906 

2.656002 

96 

453 

2.656577 

2  656673 

2.656769 

2.656864 

2.656960 

96 

454 

2-657534 

2.647629 

2.657725  j 

2.657820 

2.657916 

96 

455 

2.658488 

2.658584 

2.658679 

2.658774 

2.658870 

9? 

456 

2.659441 

2.659536 

2.659631 

2.659726 

2.659821 

95 

1  457 

2  660391 

2.660486 

2.66058 1 

2.660676 

2.660771 

95 

458 

2.661539  I 

2.661434 

2.661529 

2.661623 

2.66171 8 

95 

459 

2.662285 

2.662380 

2.662474 

2,662569 

2.662663 

95 

460 

2.664230 

2.663324 

2.66341 8 

2.66351 2 

2.663607 

94 

461 

2.664172 

2.664266 

2.664360 

2.664454 

2.664548 

94 

462 

2.665 112 

2  665206 

2.665299 

2.665393 

2.665487 

94 

463 

2.666050 

2  666143 

2.66623 7 

2.666331 

2.666424 

94 

464 

2.666986 

2.667079 

2.667173 

2.667266 

2,667359 

94 

465 

2.667920 

2.66801 3 

g.  668106 

2.668199 

2.668293 

93 

466 

2.668852 

2.663q45 

g. 669038 

2.6691 31 

2.669224 

93 

467 

2.669782 

2.669874 

g. 669967 

2.670060 

2.670153 

93  ; 

468 

2.670710 

2.670802 

3.670895 

2.670988 

2  671080 

93 

.  469 

2.671636 

2.671728 

g. 671 821 

2.671913 

2.672O05 

93 

47° 

2.672560 

2.672652 

8.672744 

2.672836 

2.672929 

92 

47 1 

2.673482 

2.673574 

g. 673666 

2.673758 

2.673850 

92 

472 

2.674402 

2.674494 

8.674586 

2.674677 

2.674769 

92  ; 

473 

2.675320 

2.67541 2 

8.675503 

2.675595 

2.675687 

92  . 

474 

2.676236 

2.676328 

8.676419 

2.67651 1 

2.676602 

92 

!  475 

2.6771 50 

2.677242 

8-677333 

2  677424 

2.6775 16 

91 

476 

2.678063 

2.6781 54 

8.678245 

2,678336 

2.678427 

91 

j:  477 

2.678973 

2.679064 

8-^791 5  5 

2.679246 

2.679337 

91 

478 

2.679882 

2.679973 

3.680063 

2,680154 

2.680245 

91  : 

479 

2.680789 

2.680879 

g. 680970 

2.681060 

2-681 151 

91  1 

!  480 

2.681693 

2.681784 

8-681874 

2,681964 

2.682055 

90  ; 

'  4^i 

2.682596 

2.682686 

8.682777 

2.682867 

2.682957 

90  ; 

482 

2.683497 

2.684587 

8.683677 

2.683767 

2.683857 

90 

r  483 

2.684496 

2.684486 

8.684576 

2.684666 

2.684756 

90 

484 

2.685294 

2.6S5383 

8-685473 

2.685563 

2.685653 

90 

485 

2.686189 

2.686279 

g.  686368 

2.686457 

2.686547 

89 

486 

2.687083 

2.68717  z 

8.687261 

2.68735 1 

2.687440 

8q 

r*  *r 


* 


( 

V 
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A  Table  of  Logarithms, 

Num 

0 

1 

2 

3 

4 

Dat. 

487 

2.687529 

2.68^618 

2.687707 

2.687796 

2.687885 

89 

488 

2.688420 

2.688509 

2.688598 

2,688687 

2.688776 

89 

489 

2.689309 

2.689398 

2.689486 

2.689575 

2.689604 

89 

490 

2.690196 

2.690285 

2.690373 

2.690462 

2.690550 

85 

491 

2.691081 

2.691 170 

2.691 258 

2.691347 

2.691435 

88 

49  2 

2.691965 

2.692053 

2.692142 

2.6q2230 

2.60231 8 

88 

493 

2.692847 

2.692935 

2.693023 

2,693 1 1 1 

2.693199 

88 

494 

2.693727 

2.693815 

2.693903 

2.693991 

2.694078 

88 

495 

2.694605 

2.694693 

2,694781 

2.694868 

2.694956 

88 

496 

2.695482 

2.691:569 

2.695657 

2.695744 

2.695832 

87 

497 

2.696356 

2.5904.44 

2.696531 

2.69661 8 

2.696706 

87 

498 

2.697229 

2.697316 

2.697404 

2.697491 

2.697578 

87 

4?9 

2.698100 

2.698188 

2.698275 

2.698362 

2.698448 

87 

SOJt 

2.698970 

2.699057 

2.699144 

2.6qqz30 

2.699317 

87 

5# 

2.699838 

2.699924 

2.70001 1 

2.700098 

2.700184 

87 

502 

2.700704 

2.700790 

2.700877 

2.700063 

2.701050 

86 

503 

2.701 568 

2.701654 

2.701 741 

2.701827 

2.7019*3 

86 

504 

2.702430 

2.702517 

2.702603 

2.702689 

2.702775 

86 

5°5 

2.703291 

2.703377 

2.703463 

2.703549 

2.703635 

86 

506 

2.704150 

2.704236 

2.704322 

2.704408 

2.704494 

86 

5®7 

2.705008 

2.705094 

2.705179 

2.705265 

2.70535° 

86 

508 

2.705864 

2.705949 

2.70603  5 

2.7061 20 

2.706205 

85 

5°9 

2.70671 8 

2.706803 

2.706888 

2.706974 

2.707059 

85 

51° 

2.70757° 

2.707655 

2.707740 

2.707826 

2.70791 1 

85 

51 1 

2.708421 

2.708506 

2.708591 

2.708676 

2.708761 

85 

512 

2.709270 

2.709355 

2.709440 

2.709524 

2.70Q60Q 

85 

.5*3 

2. 7101 17 

2.710202 

2.710287 

2.710371 

2.710456 

85 

514 

2,710963 

2.71 1048 

2.711132 

2.71 1216 

2.711301 

84 

5 1 5 

2.71 1807 

2.71 1891 

2.71 1976 

2.712060 

2.712144 

84 

5 10 

2.712650 

2-712734 

2.71281 8 

2.71 2902 

2.712986 

84  ' 

.  5*7 

2.713490 

2-7i3574 

2.71 3658 

2- 7*3742 

2.713826 

84. 

518 

2.71433° 

2.714414 

2.714497 

2.714581 

2.714665 

84 

5i9 

2.715167 

2.71 5251 

2-7*5335 

2.71 541 8 

2.71 5502 

84 

520 

2.716^03 

2.716087 

2.716170 

2.716254 

2.716337 

83 

5.21- 

•2.716838 

2.71692 1 

2.717004 

2.717088 

2  •  7  *  7 1 7  * 

83 

522 

2.717670 

2.717754 

2.717837 

2.717920 

2.718003 

83 

523 

2.718502 

2.718585 

2.71 8668 

2.718751 

2.718834 

83 

524 

2.719331 

2.7194114 

2.719497 

2.719580 

2,719663 

83 

5Z5 

2.720159 

2.720242 

2.720325 

2,720407 

2,720490 

83 

526 

2.720986 

2.721068 

2.721 151 

2.721233 

2,721 3 16 

82 

527 

2.721811 

2.721893 

2.721975 

2.722058 

2.722140 

82 

528 

2/722634 

2.722716 

2.722798 

2  722881 

2.722963 

82 

529 

2.72^456 

2.723538 

2.723620 

2.723702 

2.723784 

82 
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t'J  Ulil 

5 

6 

7 

8 

9 

DifF 

¥ 

89 

89 

89 

88 

88 

88 

88 

88 

87 

487 

488 

489 

490 

491 

49 2 

493 

494 

495 

496 

2.687975 

2.688865 

2.689753 

2.690639 

2.691523 

2.692406 

2.693287 

2.694166 

2.695044 

2.695919 

2.688064 
2.688953 
2.689841 
2.690727 
2.69101 2 
2.692494 
2.693375 
2.694254 
2.695131 

2  696007 

2.688153 
2.689042 
2.689930 
2.69081 6 
2.691700 
2.692583 
2.693463 
2.694342 
2.695219 
2.696094 

2.6882142 
2.6891 3 1 
2.6900; 9 
2.690005 
2.691788 
2.692671 
2.693551 
2.694430 
2.695306 
2.696182 

2.688331 
2.689220 
2.690107 
2.690993 
2.691 877 
2.692759 
2.693639 
2.694517 
2.695394 
2.696269 

497 

2.696793 

2.696880 

2.696968 

2.697055 

2.697142 

87 

498 

2.697665 

2.697752 

2.697839 

2.697926 

2.69801 3 

87 

499 

2.698535 

2.698622 

2.698709 

2.698796 

2.698883 

87 

500 

2  699404 

2.699491 

2.699578 

2.699664. 

2.699751 

87 

501 

2.700271 

2.700357 

2.700444 

2.70053 1 

2.700617 

87 

502 

2.701 1 36 

2.701 222 

2.701309 

2.701395 

2.701482 

86 

5°3 

2.701999 

2.702086 

2.7021 72 

2.702258 

2.702344 

86 

5°4 

2.702861 

2.702947 

2.703033 

2.7031 19 

2.703205 

86 

S°5 

2.703721 

2  703807 

2.703893 

2.703979 

2.704065 

86 

506 

2.704579 

2.704665 

2.704751 

2.704837 

2.704922 

86 

5°7 

2.705436 

2.705522 

2.705607 

2.705693 

2.705778 

86 

508 

2.706291 

2.706376 

2.706462 

2.706547 

2.706632 

85 

5°9 

2.707144 

2.707229 

2.707315 

2.707400 

2.707485 

8S 

510 

2.707996 

2.708081 

2.708166 

2.708251 

2.708336 

8? 

51 1 

2.708846 

2.708931 

2.709015 

2.709100 

2  709184 

8S 

I  512 

2.709694 

2.709779 

2.709863 

2.709948 

2.710033 

85 

5 1 3 

2.710540 

2.710625 

2.710710 

2.710794 

2.710879 

8S 

5*4 

2-7* 1 385 

2.711470 

2.711554 

2.71 1638 

2.711723 

84 

5>5 

2.712229 

2  712313 

2-71 2397 

2.712481 

2.712565 

84 

516 

2.71307° 

2-7I3154 

2.713238 

2.713322 

2.713406 

.84 

5*7 

2.71391° 

2.713994 

2.714078 

2.714162 

2.714246 

84 

518 

2.714749 

2.714832 

2.714916 

2  715000 

2.715084 

84 

5*9 

2.715580 

2.71 5669 

2-7*5753 

2,715836 

2.71 4Q20 

84. 

520 

2.716421 

2.716504 

2.716588 

2.716671 

2.716754 

83 

521 

2.717254 

2.717338 

2.717421 

2,717504 

2.717587 

83 

522 

2.718086 

2.7 18169 

2.718253 

2.718336 

2.718419 

83 

523 

2.718917 

2.719000 

2.719083 

2.719165 

2.71 9248 

83 

524 

2.719745 

2.719828 

2.71991 1 

2-  7*19994 

2.720077 

83 

525 

2.720573 

2  720655 

2.720738 

2.720821 

2.720903 

83 

526 

2.721 398 

2.721481 

2.721563 

2.721646 

2.721728 

82 

527 

2.722222 

2.722305 

2.722387 

2.72Z469 

2.722552 

82 

528 

2.723045 

2.723127 

2.723209 

2.723291 

2-723374] 

1  82 

529 

[ 2.723866 

2.723948 

1  2.72401  0 

2.7241 1 2 

2.72AIQ41 

82 

( 
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Num 

0 

1 

2 

0 

4 

DHt,  • 

530 

2.724276 

2.724358 

2.724440 

2.724522 

2.724603 

82 

531 

2.725094 

2.725 1 76 

2. 725258 

2,725340 

2.725421 

82 

532 

2.725912 

2.725993 

2.726075 

2.7261  56 

2.726238 

82 

533 

2.726727 

2.726809 

2.72689O 

2,726972 

2.727053 

8! 

534 

2.727541 

2.727623 

2.727704 

2,727785 

2.72; 806 

8-1 

535 

2.728354 

2.728435 

2.728516 

2.728597 

2.728678 

81 

536 

2.729165 

2.729246 

2.729327 

2,729408 

2.729489 

81 

537 

2.729974 

2-730055 

2.730136 

2.730Z17 

2.730298 

81 

538 

2.730782 

2.730863 

2,730944 

2-73I024 

2.73 1 103 

81 

539 

2-73*5s9 

2.731669 

2.73175° 

2-73*830 

2.731911 

Si 

540 

2.732394 

2.732474 

2.732555 

2.732635 

2.732715 

80 

541 

2-733*9 7 

2-7332  77 

2.733358 

2-733438 

2.733518 

80  ; 

542 

2-733999 

2.734079 

2.734159 

2.734240 

2.734320 

80 

543 

2.734800 

2.734880 

2.73496° 

2.735040 

2.735120 

80  1 

544 

2-735599 

2.735679 

2-735758 

2.735838 

2.735918 

So  : 

545 

2.736396 

2.736476 

2.736556 

2.736635 

2.736715 

80 

546 

2-737*93 

2.737272 

2-737352 

2-73743* 

2-7375** 

79  • 

547 

2.737987 

2.738067 

2.738146 

2.738225 

2,738305 

79  ; 

548 

2.738781 

2.738860 

2.738939 

2.739018 

2.739097 

79  t 

549 

2.739572 

2.739651 

2.73973O 

2.739810 

2.739889 

79 

55° 

2.740363 

2.740442 

2.74O53I 

2.740599 

2.740678 

79  8 

55 1 

2.741 152 

2.741 230 

2.741309 

2.741 388 

2.741467 

79  ! 

5S2 

2.741939 

2.74201 8 

2.742096 

2.742175 

2.7-42254 

79 

553 

2-742725 

2.742804 

2.742882 

2.742961 

2-743039 

78  1 

554 

2.743510 

z.743588 

2.743666 

2-743745 

2.743823 

78  : 

555 

2.744293 

2-744371 

2.744449 

2.744528 

2.744606 

78 

556 

2.745075 

2.745153 

2.74523I 

2-7453o'9 

2-745387- 

78  t 

557 

2.745855 

2.745933 

2.7460I  I 

2.746089 

2.746167 

78 

558 

2.746634 

2.7467 1 2 

2.746790 

2.746868 

2.746945 

78  ■ 

559 

2.747412 

2.747489 

2.747567 

2.747645 

2.747722 

78  - 

560 

2.7481 88 

2.748266 

2-748343 

2.748421 

2.748498, 

77 

561 

2.748963 

2.749040 

2.7491 i 8 

2-749*95 

2.749272 

77  l( 

562 

2.749736 

z. 749814 

2-749891 

2.749968 

2.750045 

77  c! 

563 

2.750508 

2.750586 

2.750663 

2.750740 

2.750817 

77  . 

564 

2.751279 

2.751356 

2-75*433 

2.75 1510 

2-75*587 

77  : 

S65 

2.752048 

2.752125 

2.752202 

2.752279 

2.752356 

77  ; 

56b 

2.752816 

2.752893 

2.7  52970 

2.753047 

2-753*23 

77  • 

367 

2-7535s3 

2.753660 

2i753736 

2.753813 

2,753889 

77 

568 

2.754348 

2.754425 

2,754501 

2,754578 

2,754654 

77 

569 

2.7551 12 

2.755189 

2.755265 

2-75534* 

2,755417 

76 

570 

2.755875 

2-75  595 1 

2. 756027 

2-756103 

2.7501 80 

76  ( 

57' 

2.756636 

2.756712 

Z.7567S8 

z  756864 

2.756940 

76  r 

572 

2. 757396 

2.757472 

2.757548 

2.757624 

2.757700 

76 
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5 

6  .  !  7 

00 

VO 

Lllif. 

82 

82 

82 

8 1 
81 
81 
81 
81 
81 
81 

80 

80 

80 

80 

80 

80 

79 

79 

79 

79- 

79 

2.724685 

2-7255°3 
2.726320 
2.727134 
2.727948 
2.728759 
2.729570 
2.730378 
2.731 186 
2.731991 
2.732796 

2-733598 

2.7344.00 

2.735200 

2.735998 

2.736795 

2.73759° 

2.738384 

2.739177 

2.739968 

2.740757 

2.724767 
2.725585 
2.726401 
2.727216 
2.728029 
2.728841 
2.72965 1 
2-730459 
2.731266 
2.732072 
2.732876 
2.733679 
2.73448° 
2.735279 
2.736078 
2.736874 
2.73767° 
2.738463 
2.739256 
2.740047 
2.740836 

2.724849 
2.725667 
2.726483 
2.727297 
27281 10 
2.728922 
2.729732 
2.73054° 

2.731347 

2.732152 

2.732956 

2-733759 

2.734560 

2-735359 

2.736157 

2.736954 

2-737749 

2-738543 

2-7393-35 

2.740126 

2.740915 

2.724931 

2.725748 

2.726564 

2.727379 

2.748191 

2.729005 

2.729813 

2.730621 

2-731428 

2.732233 

2.733037 

2-733839 

2.734640 

2-735439 

2.736237 

2-737°34 

2.737829 

2.7,38622 

2.739414 

2.740205 

2.740994 

2.72501 3 
'2.725830 
2.726646 
2.727460 
2.728273 
2.729084 
2.729893 
2.730702 
2.731508 

2-732313 

2.733117 

2.7339i9 

2.73472° 

2-7355I9 
2.736317 
2.737113 
2. 73.7908 
2,738701 

2-739493 

2.740284 

2.741073 

2.741546 

2-742333 

2.743118 

2.743902 

2.744684 

2.745465 

2.746245 

2.747023 

2.747800 

2.748576 

2.749350 

2.750123 

2.750894 

2.751664 

2-7S2433 

2.753200 

2.753966 

2-75473° 

2.755494 

2.756256 

2.757016 

2-757775 

2.741624 

2.742411 

2.743196 

2.743980 

2.744762 

2-745543 

2.746323 

2.747101 

2.747878 

2,748653 

2,749427 

2.750200 

2.750971 

2-75I741 

2.752509 

2-753277 

2.754042 

2.754807 

2.755570 

2.756332 

2.757092 

2.757851 

2.741703 

2.742489 

2.743275 

2.744058 

2.744840 

2.745621 

2.746401 

2.747179 

2.747955 

2.748731 

2.749504 

2.741782 

2.742568 

2-743353 

2.744136 

2.744919 

2.745699 

2.746479 

2.747256 

2.748033 

2.748808 

2.749582 

2.741860 

2.742647 

2-743431 

2.744215 

2.744997 

2-7457.77 

2.746556 

2-747334 

2.748110 

2.748885 

2.749659 

79 

79 

7.8 

78 

78 

78 

78 

78 

78 

77 

77 

2.750277 
2.751048 
2.751818 
2.75258  6 

2-753353 
2.7541  ^ 
2.754883 
2.755646 
2.756408 
2-757I68 

2.757927 

2-75°354 

2.75 1 1 25 
2.751895 
2.752663 
2.753430 

2-754I95 

2.75496° 
2.755722 
:  2.756484 
2.757244 
!  2.758003 

2.750431 
2.75 1202 
2.751972 
2.752740 
2.753506 
2.754272 
2.755036 
2.755799 
2.756560 
2.757320 
2.758079 

77 

77 

77 

77 

77 

77 

76 

76 

76 
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* 

Mum 

0 

1 

2 

3 

-4 

Dit 

573 

2-758iS5 

2.758230 

2.758306 

2.758382 

2.758458 

7f 

574 

2.758912 

2.758988 

2.759063 

2.759139 

2.759214 

7( 

575 

2.759668 

2-759743 

2.759819 

2.759894 

2.75997O 

7 

576 

2.760422 

2.760498 

2. 760573 

2.760649 

2.760724 

7 

577 

2.761 176 

2.761 251 

2.761 326 

2.761402 

2.761477 

7 

578 

2.761928 

2.762003 

2.762078 

2.7621 53 

2.762228 

7 

579 

2.762679 

2.76275-4 

2.762829 

z. 762904 

2.762978 

7 

580 

2.763428 

2.763503 

2.763578 

2.763652 

2.763727 

7 

581 

2.7641 76 

2.76421;  1 

2.764326 

2.764400 

2.764475 

7 

582 

2.764923 

2.764998 

2.765072 

2.765147 

2.765221 

7 

583 

2.76<;66q 

2.765743 

2.765818 

2  765892 

2.765966 

7 

584 

2  76641 3 

2.766487 

2.766562 

2.766636 

2.766710 

'  74 

585 

2.767156 

2-767230 

2.767304 

2.767379 

2.767453 

74 

586 

2.767898 

2.767972 

2.768046 

2.768120 

2.7681  94 

74 

587 

2.768638 

2.76871 2 

2.768786 

2.768860 

2  768934 

74 

5  88 

2.769377 

2.769451 

2.769525 

2.769599 

2.769673 

74 

589 

2.7701 1 5 

2.770189 

2.770263 

2.770336 

2.770410 

74 

590 

2.770852 

2.770926 

2.770999 

2.771073 

2.77II46 

74 

S91 

2. 77^87 

2.771661 

2.771734 

2.771808 

2.771881 

73 

592 

2.772322 

2.772395 

2.772468 

2.772542 

2.77261 5 

73 

593 

2.773055 

2.773128 

2.773ZOI 

2-773274 

2-773348 

7 

594 

2.773786 

2.773860 

2-773933 

2*774006 

2.774079 

73 

595 

2.7745 1 7 

2.77459° 

2.774663 

2.774736 

2.774809 

73 

596 

2.775246 

2.775319 

2.775392 

2.775465 

2-775538 

73 

597 

2.775974 

2.776047 

2. 776120 

2-776,93 

2.776265 

73 

598 

2.776701 

2.776774 

2.776846 

2.776919 

2.776992 

73 

599 

2- 777427 

z.777499 

2  777572 

2.777644 

2.777717 

7'2 

600 

2.77815 I 

2.778224 

2.778296 

2.778368 

2.778441 

7 

2 

601 

2.778874 

2.778947 

2.779OI9 

2.779001 

2.779163 

7 

2 

602 

2.779596 

2.779669 

2-77974i 

2.779813 

2.779885 

72 

603 

2.780317 

2.780389 

2.780461 

2.780533 

2.780605 

72 

604 

2.781037 

2.78 1 109 

2.78 1 18 1 

2.781253 

2781324 

72 

605 

Z-78I755 

2.781827 

2.781899 

2.781971 

2.782042 

7  2 

606 

2.782473 

2.782544 

2.782616 

2.782688 

2.782759 

72 

607 

2.783189 

2.783260 

2-783332 

2.783403 

2-783475 

7l 

608 

2.783904 

2.783975 

2.784046 

2.7841 18 

2.7841  89 

7> 

609 

2.784617 

z.  784689 

2.784760 

2.784831 

2.784902 

7 

610 

2.78533° 

2.785401 

2.785472 

2.785543 

2.78561 5 

7' 

61 1 

2.786041 

2.7861 1 2 

2.786183 

2.786254 

2786325 

71 

612 

2.78675I 

2.786822 

2.786893 

2.786964 

2.787035 

71 

613 

2.7.87460 

2.787531 

2.787602 

2.787673 

2.787744 

71 

614 

2.7881 68 

2.788239 

2.788310 

2. 788381 

2788451 

7]i 

615 

2.788875 

2.788946 

2. 789016 

2.789087 

2.789158 

71 

/ 


from  x  to 

1 OOOO. 
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i'J’um 

5 

6 

7 

8 

9 

Diff. 

573 

2-758533 

2.758609 

00 

VO 

00 

to 

N 

2.758761 

2.758836 

76 

574 

2.759290 

2.759366 

2.759441 

2.759517 

2.759592 

76 

1575 

2.760045 

2.760121 

2.760196 

2.760272 

2.760347 

75 

576 

2.760799 

2.760875 

2.760950 

2.761025 

2.761 101 

75 

1577 

2.761552 

2.7616Z7 

2.761702 

2.761778 

2.761853 

75 

'578 

2.762503 

2.762378 

2.762453 

2.762529 

2.762604 

75 

579 

2.763053 

2.763128 

2.763203 

2.763278 

2-763353 

75 

1580 

2.763802 

2.763877 

2.763952 

2.764027 

2.764101 

75 

|58i 

2.76455° 

2.764624 

2.764699 

2.764774 

2.764848 

75 

582 

2.765296 

2.76537° 

2-765445 

2.765520 

2.765594 

75 

583 

2.766041 

2.7661 15 

2.766190 

2.766264 

2.766338 

74 

584 

2.766783 

2.766859 

2.766933 

2.767007 

2.767082 

74 

'585 

2.767527 

2.767601 

2.767675 

2.767749 

2.767823 

74 ; 

586 

2.768268 

2.768342 

2.768416 

2.768490 

2.768564 

74 

l587 

2.769008 

2.769082 

2.769156 

2.769230 

2.769303 

74 

588 

2.769746 

2. 76982O 

2.769894 

2.769968  j 

2.770042 

74 

5S9 

2.770484 

2.770557 

2.770631 

2.770705 

2.770778 

74 

590 

2.771220 

2-77IZ93 

2.771367 

2.77I44O 

2’77I5I4 

74 

591 

2-77 1 95  5 

2.772028 

2.772102 

2.772I75 

2.772248 

73 

592 

2.772688 

2.772762 

2-772835 

2. 772908 

2.772981 

73 

593 

2.773421 

2.773494 

2.773567 

2.77364O 

2-7737I3 

73 

594 

2.774152 

2.774225 

2.774298 

2-77437I 

2-774444 

73 

595 

2.774882 

2.774955 

2.775028 

2-3*5 100 

2-775I73 

73 

596 

2.775610 

2.775683 

2.775756 

2.775829 

2.775902 

73 

597 

2.776338 

2.77641 1 

2.776483 

2.776556 

2.776629 

73 

498 

2.777064 

z-777i37 

2.777209 

2.777282 

2-777354 

73 

599 

2.777789 

2.777862 

2-777934 

2.778006 

2.778079 

72 

5oo 

2.778513 

2.778585 

2.778658 

2.778730 

2.778802 

72 

pOI 

2.779236 

2.779308 

2.779380 

2.779452 

2.779524 

72 

5  D2 

2-779957 

2.780029 

2.780101 

2.780173 

2.780245 

72 

)03 

2.780677 

2.780749 

2.780821 

2.780893 

2.780965 

72 

5  04 

2.781396 

2. 781468 

2.781540 

2.781612 

2.781684 

72 

505 

2.782 1 14 

2.782186 

2.782258 

2.782329 

2.782401 

72 

5  06 

2,78283 1 

2.7829O2 

2.782974 

2.783046 

2.783117 

72 

&07 

2.783546 

2.783618 

2.783689 

2.783761 

2.783832 

71 

>08 

2.784261 

2-784332 

2.784403 

2.784475 

2.784546 

7i 

>09 

2.784974 

2.785045 

2.785 1 16 

2.785187 

2.785259 

■  7i 

>  xo 

2.785686 

2.785757 

2.785828 

2.785899 

2.785970 

7i 

u  J 

2.786596 

2.786467 

2.786538 

2.786609 

2.786680 

7r 

5  12 

2.787106 

2.787177 

2.787248 

2.787319 

2.787390 

7i 

>13 

2.787815 

2.787885 

2.787956 

2.788027 

2.788098 

7r 

5 14 

2.788522 

2.788593 

2.788663 

2.988734 

2.788804 

71 

»5 

2.789228 

2.789299 

2.789369 

2.789440 

2.789510 

7i 

Y  2 

v  1 
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Mum 

0 

I 

2 

3 

4 

l>iff 

6 1 0 

2.789581 

2.789651 

2.789722 

2.789792 

2.789803 

7° 

617 

2.790285 

2.790356 

2.790426 

2.790496 

2.790567 

70 

618 

2.790989 

2-79 1  °59 

2.791 1 29 

2.791 1 99 

2.791 269 

70 

619 

2.791691 

2.791761 

2.791831 

2.791 901 

2.791971 

70 

620 

2.792392 

2.792462 

2.792532 

2.792602 

2.792672 

70. 

621 

2.793092 

2.793162 

2.793231 

2.793301 

2-79337 1 

70 

622 

2.793790 

2.793860 

2.793930 

2.794C00 

2.794070 

70 

623 

2.794488 

2.794558 

2.794627 

2.794697 

2.794767 

70 

624 

2. 795^5 

2,795254 

2.795324 

2-795393 

2-795463 

69 

625 

2.795880 

2.795949 

2.796019 

2.796088 

2.7961 58 

69- 

626 

2.796574 

2.796644 

2-7967I3 

2.796782 

2.796852 

69 

62  7 

2  797268 

2-797337 

2.797406 

2-797475 

2-797545 

69 

628 

2.797960 

2.798029 

2.798098 

2.798167 

2.798237 

69 

629 

2.798651 

2.798720 

2.798789 

2.798858 

2.798927 

69 

630 

2J&9341 

2.799409 

2.799478 

2-799547 

2.799616 

69 

631 

2/800029 

2.800098 

2.800166 

2.800236 

2.800305 

69 

632 

2.80071 7 

2.800786 

2.800854 

2.800923 

2.800992 

69 

633 

2.801404 

2.801472 

2.801541 

2.801609 

2.801678 

69 

634 

2.802089 

2.802158 

2.802226 

2.802295 

2.802363 

68 

635 

2.802774 

2.802842 

2.802910 

2.802979 

2.803047 

68 

636 

2.803457 

2.803525 

2.803594 

2.803662 

2.803730 

68 

637 

2.804139 

2.804208 

2.804276 

2.804344 

2.804412 

68 

638 

2.804821 

2.804889 

2.804957 

2.805025 

2.805093 

68 

639 

2.805501 

2.805569 

2.805637 

2.805705 

2.805773 

68 

640  1  2.8061  bo 

2.806248 

2.806316 

2.806384 

2.80645 1 

68 

641 

2,806858 

2.806926 

2.806994 

2.807061 

2.807129 

68 

642 

2.807535 

2.807603 

2  807670 

2.807738 

2.807806 

68 

643 

2.80821 1 

2.808279 

2.808346 

2.808414 

2.808481 

67 

644 

2.808886 

2.808953 

2.809021 

2.809088 

2.809155 

67, 

645 

2.809560 

2.809627 

2.809694 

2.809762 

2.809829 

67 

646 

2.810233 

2.810300 

2.810367 

2.810434 

2.810501 

67 

647 

2.810904 

2.810971 

2.8 1 1038 

2.81 1106 

281 1173 

67- 

648 

2.811575 

2.811642 

281 1 709 

2.81 1776 

2.81 1843 

67 

649 

2.812245 

2.81231 2 

2.8 i 2378 

2.812445 

2.81 25 1 2 

67 

650 

2.812913 

2.812980 

2.8 1 3047 

2.813114 

2.81 3180 

67 

651 

2.813581 

2.813648 

2.813714 

2.81 3781 

2.813848 

67 

652 

2.814248 

2.814314 

2. 814381 

2.814447 

2.814514 

67 

653 

2.8 14913 

2.814980 

2.815046 

2.815113 

2.815179 

66 

654 

2.815578 

2.81 5644 

2. 815710 

2.815777 

2.815843 

66 

6  5*5 

3.S16241 

2.816308 

2.816374 

2.816440 

2.816506 

66 

656 

2.846904 

2.816970 

2.8l 7036 

2.817102 

2.817169 

66 

657 

2.817565 

2.817631 

2.817698 

2.817764 

2.817830 

66. 

2.818226 

2.818292 

2.818358 

2.818424 

2.818490 

66 

— 

•I 


from  i  to  ioooo. 


turn 

S 

6 

n6 

2-799933 

2.780003 

>>7 

2.790637 

2.790707 

>18 

2.79134° 

2.791410 

H9 

2.792041 

2.7921 1 1 

120 

2.792742 

2  792812 

)2  I 

2-79344J 

2.793511 

32  2 

2-794! 39 

2.794209 

>23 

2.794836 

2.794906 

S24 

2.793532 

2.795602 

l,2S 

2.796227 

2.796297 

1)26 

2.796921 

2.796990 

i’27 

2.797614 

2.797683 

1128 

2.798309 

2.798374 

S29 

2  798996 

2.799065 

130 

2799685 

2.799754 

>3i 

2.800373 

2.800442 

)  5  2 

2.801060 

2  801129 

>33 

2.801747 

2  801815 

1)34 

2.802432 

2.802500 

>33 

2.8031 16 

2.803 184 

>36 

2.803798 

2.803867 

>37 

2.804480 

2.804548 

>38 

2.805 161 

2.805229 

1139 

2.805840 

2.805908 

>4° 

2.8065 19 

2.806587 

>4> 

2.807197 

2.807264 

342 

2.S07873 

2.807941 

H3 

2.808548 

2.808616 

'44 

2.809223 

2.809290 

»45 

2.809896 

2.809963 

346 

2.810568 

2.810636 

H7 

2.8l  I  24-0 

2.81 1 307 

148 

2.811910 

2.81 1977 

“49 

2.812579 

2.812646 

350 

2.8l 3247 

2.813314 

351 

2.8139H 

2.813981 

5c2 

2.814580 

2.814647 

P  5  3 

2.815246 

2.815312 

634 

2.81 5910 

2.81 5976 

535 

2.816573 

2.816639 

656 

2.817235 

2.817301 

637 

2.817896 

2.817962 

658 

2.818556 

2.818622 

2.790074 
2.790778 
2.791480 
2.792181 
2.792882 
2.793581 
2.794279 
2.794976 
2.795671 
2.796366 
2.7970(30 
2.797752 
2.798443 
2.799134 
2.799823 
2.8005 1 1 
2.801 198 
2.801884 
2.802568 
2.803252 
2.803935 


2.804616 
2.805297 
2.805976 
2.806655 
2.807332 
2.808008 
2.808683 
2.809358 
2.81003 1 
2.810703 
2.8 1 1 374 


2.812044 

2.812713 

2.813381 

2.814048 

2.8147 14 

2.815378 

2.8 16042 

2.8 16705 

2.817367 

2.818028 

2.818688 


2-79OI44 

2,790848 

2.791550 

2.792252 

2.792952 

2.793651 

2.794349 

2.795045 

2.795741 

2.79(3436 

1  2-797I29 

2.797821 
2.7985 1 2 
2.799203 
2.799892 
2,800580 
2.801267 
2.801952 
2.802637 
2.803321 
2.804003 

2.804685 
2.805365 
2.806044 
2.806723 
2.807400 
2.808076 
2.808751 
2.809425 
2.810098 
2.810770 
2  811441 

2,8121 1 1 
2.81 2780 

2,813447 

2.8141 14 
2,814780 

2.81544s 

2.816109 

2.816771 

2.817433 

2.818094 

2.818754 


*  3 


2.790215 

2.790918 

2.791620 

2.792322 

2.793022 

2.793721 

2.79441$ 

2.795114 

2.795810 

2-7965°S 

2.797198 

2.797890 

2.798582 

2.799272 

2.799960 

2.800648 

2.801335 

2.802021 

2.802705 

2.803389 

2.804071 


2.804753 
2.805433 
2.8o6r  1 2 
2  806790 
2.807467 
2.8o8r43 
2.808818 
2.809492 
2.8  iq  1 65 
2,810837 
2.811 508 

2.812178 
2.812846 
2.81 35 14 
2.S141S1 
2.814847 
2.81551 1 
■2.816175 
2.816838 
2.817499 
2.818160 


2.818819 

,L  ....  -  ... 
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Mum 

0 

1 

2 

3 

4  ;Diff  - 

659 
j  660 

661 

662 

663 

664 

665 

666 

667 

668 

669 

670 

671 

672 

673 

674 

675 

676 

677 

678 

679 

2.818885 
2.819544 
2.820201 
2.820858 
2.821 51 3 
2.822168 
2.82282  2 
2.823474 
2.8241 26 
2.824776 

2.825426 

•2.826075 

2.826722 

2.827369 

2.828015 

2.828660 

2.829304 

2.829947 

2.830589 

2.831230 

2.831870 

2.818951 
2.8 19610 
2.820267 
2.820924 
2.821579 
2.822213 
2.822887 
2.823539 
2.824191 
2.824841 

2.81901 7- 

2.819675 

2.820333 

2.820989 

2.821644 

2.822299 

2.822952 

2.823605 

2.824256 

2.824906 

2.819083 
2.819741 
2.S20398 
2.821055 
2.821710 
2.822364 
2.82301 7 
2.823670 
2.824321 
2.824971 

2.819149 
2.819807 
2.82O464 
2.821  1  20 
2.821775 
2.822430 
2.823083 
2.823735 
2.824386 
2  825036 

66 

66 

66 

66 

r5 

65 

6S 

6S 

65 

65 

2.825491 
2.826140 
2.826787 
2.827434 
2.828080 
2.828724 
2.829368 
2.83001 1 
2.830653 
2.831294 
2.831934 

2.825556 
2.826204 
2.826852 
2.827498 
2.828144 
2.828789 
2.829432 
2.830075 
2.83071 7 
2.831358 
2.831998 

2.825621 

2.826269 

2.826917 

2.827563 

2.828209 

2.82S853 

2.829497 

2.830139 

2.830781 

2.831422 

2.832062 

2.825686 
2.826334 
2.82698  I 
2.827628 
2.828273 
2.82891 8 
2.829561 
2.830204 
2.830845 
2.831486 
2.8321 25 

6S  : 
6S 

6S 

65 

64 ; 

64. 

64 

64  , 

64 

64 

64 

680 

68 1 

682 

683 

684 
68$ 
686 

687 

688 

689 

690 

691 

692 

693 

694 

695 

696 

697 

698 

699 

700 

701 

2.832509 

2*833'47 

2.833784 

2.834421 

2.835056 

2.835691 

2.836324 

2.836957 

2.837588 

2.838219 

2.838849 

2.839478 

2.840106 

2.840733 

2.841359 

2.841985 

2.842609 

2.S43233 

2.843855 

2.844477 

2.845098 
2.845718  1 

2.832573 
2.83321 1 
2.833848 
2.854484 
2.8351 20 

2.835754 

2.836387 

2.837020 

2.837652 

2.838282 

2.838912 

2.832637 
2.833275 
2.83391 2 
2.834548 
2.835183 
2.835817 
2.836451 
2.837083 
2.837715 
2.838345 
2.838975 

2.832700 

2.833338 

2-833975 

2.83461 1 
2.835246 
2.835881 
2.836514 
2.837146 
2.837778 
2.838408 
2.839038 

2.832764 

2.833402 

2.834039 

2.834675 

2.835310 

2.835944 

2,836577 

2.8^7200 

2.83784I 

2.838471 

2.839101 

64  ; 
64  j 
64 
64 

63  , 
63 

63 

63 

63  1! 

63  !■ 
63 

2.839541 

2.840169 

2.840796 

2.841422 

2.842047 

2.842672 

2.843295 

2.843918 

2.844539 

2.845160 

2.845780 

2.839604 
2.840232 
2.840859 
2.841485 
2.8421 10 
2.842734 

2-s4335 7 
2.843980 
2.844601 
2.845222 
2.845842 

2.839667 

2.840294 

2.840921 

2.841547 

2.842172 

2.842796 

2.843420 

2.844042 

2.844663 

2.845284 

2.845904 

2.839729 

2.840357 

2.840984 

2.841610 

2.842235 

2.842859 

2.843482 

2.844104 

2.844726 

2.845346 

2.845966 

63  ' 

63 

63  : 
63 

62 

62 

62 

62  J 
62  ' 
62  . 
62 

✓ 
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um 

5  1 

6 

7 

8 

9  I1 

~G< 

6 

6 

6 

6 

6 

6 

6 

6 

6 

49 

-6o 

i6i 

)6z 

163 

>64 

’65 

vt>6 

1)67 

j68 

2.81921 5  1 
2.849873  ; 
2.820530  ; 
2.821 186  | 
2.821841  ; 
2.822495  ; 
2.823148 
2.823800  1 
2.824451  1 
2.825101 

1.819281 

1.819939 

1.820595 

2.821  251 

2.821906 

2.822560 

2.82321-3 

2.823865 

2.824516 

2  825166 

2.819346  ^ 

2.820004  1 

2.820661 1 

2.821317  j 

2.821972 

2.822626 

2.823279 

2.823930 

2.824581 

2.825231 

1.819412 

1.820070 

2.820727 

2.821 382 

2.822037 

2.822691 

2.823344 

2.823996 

2.824646 

2.825296 

1.819478  i, 

2.8201 36 

2.820792 

2.821448 

2.822103 

2.822756 

2.823409 

2.824061 

2.824711 

2.825361 

1)69 

2.823751  j 

2.825815 

2.825880 

2.825945 

2.826010 

6 

>70 

2.826399 

2.826464 

2.826528 

2,826593 

2.826658" 

f 

S71 

2.827046 

2.8271 1 1 

2.827175 

2,827240 

2.827305 

t 

072 

2  827692 

2.827757 

2.827821 

2.827886 

2.827950 

t 

'>73 

2.828338  ' 

2.828402 

2.828467 

2.828531 

2.828595 

t 

674 

2.828982 

2.829046 

2.829m 

2,829175 

2.829239 

675 

2.829625 

2.829690 

2.829754 

2.8298 1 8 

2.829882 

|6?6 

2.830268 

2  83033Z 

2.830396 

2.830460 

2.830524 

677 

2.830909 

2  830973 

2.831037 

2.831 102 

2.831 166 

678 

2.831550 

2.831614 

2.831678 

2.831742 

2.831806 

679 

2.832189 

2.832253 

2.832317 

2.832381 

2.832445 

t»8o 

2.832828 

2.832892 

2.832956 

2.833019 

2.833083 

681 

2.833466 

2.833530 

2-833593 

2.833657 

2.833721 

1682 

2.834103 

2.834166 

2.834230 

2.834293 

2.834357 

!68  3 

2.834738 

2.834802 

2.834866 

2.834929 

2  834993 

684 

2-s35373 

2-835+37 

2.835500 

2.835564 

2.835627 

I685 

2.836007 

2.836071 

2.836134 

2.836197 

2.836261 

686 

2.836640 

2.836704 

2.836767 

2.836830 

2.836893 

687 

2.837273 

2.837336 

2-837399 

2.S37462 

2.837525 

688 

2.837904 

2.837967 

2.838030 

2.838093 

2.838156 

689 

2.838534 

2.838597 

2.838660 

2.838723 

2.838786 

690 

2.839164 

2.839227 

,£>839289 

2  839352 

2.839415 

691 

2.839792 

2.839855 

2.83991 8 

2,839981 

2.840043 

692 

2.840420 

2.840482 

2.840545 

2.840608 

2.840671 

693 

2.841046 

2.841 109 

2.841172 

2,841234 

2.841297 

694 

2.841672 

2.841735 

2.841797 

2.841860 

2.84192; 

1 

695 

z.  842297 

2.842360 

2.842422 

2,842484 

2.842547 

696 

2.842921 

2.842983 

2.843046 

2.843108 

2.843170 

697 

Z. 843544 

2.843606 

2.843669 

2.843731 

2.843793 

69S 

2.844166 

2.844229 

844291 

2-844353 

2.844415 

699 

2.844788 

2.84485c 

2.84491 2 

2.844974 

2.845036  | 

70c 

2.845408 

2.84547c 

2.845532 

2.845594 

|.  2.845656 

7° 

2.846028 

2.84609c 

2.846151 

2.84621 

2.846275  j 

Y  4 


i 


■■MB 


t 
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A  Table  of  Logarithms, 

Num 

O 

1 

2 

3 

4 

iDiff 

702 

2.846337 

2.846399 

2.846461 

2.846523 

2.846584 

]  62 

703 

z. 846955 

2.857017 

2.847079 

2.847141 

2.847202 

62 

704 

2.847573 

2.S47634 

2.847696 

2.847758 

2.847819 

62 

705 

2.848189 

2.848251 

2.848312 

2.848374 

2.848435 

62 

job 

2.848805 

2.848866 

2.848928 

2.848989 

2.84905.1 

6,1 

7°7 

2.849419 

2.849481 

2.849542 

2.849604 

2.849665 

61 

70S 

2.850033 

2.850095 

2.8501 56 

2.8502  i  7 

2.850279 

6; 

709 

2.850646 

2.850707 

2.850769 

2.850830 

2.850891 

61 

710 

2.851258 

2.851319 

2.851 381 

2.851442 

2.851503 

6l 

71 1 

2.851870 

2.851931 

2.851992 

2.832053 

2.8521 14 

6i 

712 

2.852480 

2.852541 

2.852602 

2.852663 

2.852724 

61 

7*3 

2.853089 

2.853150 

2.853211 

2.853272 

2-853333 

61 

7*4 

2.853698 

2-853759 

2.853820 

2.85  3881 

2.853941 

61 

7i5 

2.854306 

2.854367 

2.854427 

2.854488 

2.854549 

61 

716 

2.854913 

2.854974 

2.855034 

2.855095 

2.855156 

61 

717 

2.855519 

2.855580 

2.855640 

2.855701 

2.855761 

60 

718 

2.856124 

2.856185 

2.856245 

2.856306 

2.856366 

60 

7 1 9 

2.8567Z9 

2.856789 

2.856850 

2.856910 

2.856970 

60 

720 

2.857332 

2-8S7393 

2.857453 

2- 8  575 1 3 

2.857574 

60 

•  721 

2.857935 

2.857995 

2.858056 

,2.8581 16 

2.858176 

60 

722 

z. 858537 

2.858597 

2.858657 

2.8587 1 8 

2.858778 

60 

723 

2.859138 

2.859198 

2.859258 

2.859318 

2.859378 

60 

724 

2.859739 

2.859798 

2.859858 

2.85991 8 

2  859978 

60 

725 

2.860338 

2.860398 

2.860458 

2.860518 

2.860578 

60 

726 

2.860937 

2.860996 

2.861056 

2.861 1 16 

2.861 176 

60 

727 

2.861534 

2.861594 

2.861654 

2.861714 

2.861773 

60 

728 

2.86213 I 

2.862191 

2.862251 

2.8623 10 

2.862370 

60 

729 

2.862727 

2.862787 

2.862847 

2.862906 

2.862966 

60 

730 

2.863323 

2.863382 

2.863442 

2.863501 

2.863561 

59 

73 1 

2.863917 

2.863977 

2.864036 

2.864096 

2.8641 55 

59 

732 

2.86451 I 

2.864570 

2.864630 

2.864689 

2.864748 

59 

733 

2.865104 

2.865 163 

2.865222 

2.865282 

2.865341 

59 

734 

2.865696 

2.865755 

2.865814 

2.865873 

2.865933 

59 

735 

2.866287 

2.866346 

2.866405 

2.866465 

2.866524 

59 

736 

2.866878 

z. 866937 

2.866996 

2.867055 

2.8671 14 

59 

7-37 

2.867467 

2.867526 

2.867585 

2.867644 

2.867703 

59 

738 

2.868056 

2.8681 15 

2.868174 

2.868233 

2.868292 

59 

739 

2.868644 

2.868703 

2.868762 

2.868821 

2.868879 

59 

740 

2.869232 

2.869290 

2.869349 

2.869408 

2.86946 6 

59 

74' 

2.869818 

2.869877 

2.869935 

2.869994 

2.870053 

59 

74? 

2.870404 

2.870462 

2.870521 

2.870579 

2.870638 

58 

743 

2.870989 

2.871047 

2.871 106 

2.871164  . 

2.871223 

58: 

744 1 

2-87i573 

2.871631 

2.871690 

2.871 748 

2^871806 

58 

■ 

from  i  to  ioooq.  (  24-5  )  I 


Mum 

5 

6 

7 

8 

9 

Diff. 

702 

2.846646 

2.846708 

2.846770 

2.846832 

2.846893 

62 

7°3 

2.847264 

2.847326 

2.847388 

2.847449 

2. 847511 

62 

7°4 

2.847881 

2.847943 

2.848004 

2.848066 

2.848127 

62 

I705 

2.848497 

2.348559 

2.848620 

2.848682 

2.848743 

62 

job 

2.8491 1  2 

2.849174 

2.849235 

2.849296 

2.849358 

6 1 

707 

2.849726 

2.849788 

2.849849 

2.84991 1 

2.849972 

61 

1 708 

2.850340 

2.850401 

2.850462 

2. 850524 

2.S50585 

61 

709 

2.850952 

2.851014 

2.S51075 

2.85  I  I36 

2.85 1 197 

6i 

7 IO 

2.851  564 

2.85 1625 

2.851680 

2.851747 

2.851808 

61 

7l  1 

2,852175 

2.852236 

2.852297 

2.8J2358 

-2.852419 

61 

”12 

2.852785 

2.852846 

2.852907 

2.852968 

2.853029 

61 

713 

2.853394 

2-853455 

2.853516 

2.853576 

2-853637 

61 

7H 

2.854002 

2.854063 

2.854124 

2.8541 84 

2.854245 

61 

715 

2.8546 10 

2.854670 

2.854731 

2.854792 

2.854832 

61 

710 

2.855216 

2.855277 

2-855337 

2.855398 

2.855459 

61 

7*7 

2.855822 

2.855882 

2.855943 

2.856003 

2.856064 

60 

718 

2.856427 

2.856487 

2.856548 

2.856608 

2.856668 

60 

1 7 1 9 

2.85703 1 

2.857091 

2.857151 

2.8572I  2 

2.857272 

60 

1720 

2.857634 

2.857694 

2.857754 

2.857815 

2.857875 

60 

721 

2.858236 

2.858296 

2.858357 

2.85841 7 

2.858477 

60 

722 

2.858838 

2.8  y  8898 

2.858958 

2.8  5901 8 

2.859078 

60 

723 

2  859438 

2.859498 

2.859559 

2.859619 

2.859679 

60 

724 

2.860038 

2.860098 

2.860158 

2.86021 8 

2,860278 

60 

725 

2.860637 

2.860697 

2.860757 

2.86081 7 

2.860877 

60 

726 

2.861236 

2.861295 

2.861355 

2.861415 

2.861475 

60 

727 

2.861833 

2.861 893 

2.861952 

2.86201 2 

2.862072 

60 

728 

2.862430 

2.862489 

2.862340 

2.862608 

2.862668 

60 

729 

2.863025 

2.863085 

2.863144 

2.863204 

2.863263 

60 

73° 

2.863620 

2.863680 

2.863739 

2.863798 

2.863858 

59 

73 1 

2.864214 

2.864274 

2-864333 

2.864392 

2.864452 

59 

732 

2.864808 

2.864867 

2.864926 

2.864985 

2.  865045 

59 

733 

2.865400 

2.865459 

2.865518 

2.865578 

2.865637 

59 

734 

2.865992 

2.866051 

2.8661 10 

2.866169 

2.866228 

59 

1733 

2.866583 

2.866642 

2.866701 

2.866760 

2.866819 

59 

17  36 

2.867173 

2.867232 

2.867291 

2.867350 

2.867409 

59 

737 

2.867762 

2,86782 1 

2.867880 

2.867939 

2.867907 

59 

738 

2.868350 

2.868409 

2.868468 

2.868527 

2.868586 

59 

739 

2.868938 

2.868997 

2.869056 

2.8691 14 

2.869173 

59 

74° 

2.869525 

2.869584 

2.869642 

2.869701 

2.869760 

59 

74 1 

2.8701 1 1 

2.870170 

2.870228 

2.870287 

2.870345 

59 

742 

2.870696 

2.870755 

2.87081 3 

2,870872 

2.870930 

58 

743 

2  87 1 281 

2.871339 

2.871398 

2,871456 

2.871515 

58 

7  44 

28,71865 

2.871923 

| 2.871981 

[  2.872040 

2.872O98 

5s 

T 


(  346  ) 

A  Table  of  Logarithms, 

Nuni 

0 

I 

2 

3 

4 

Diff. 

745 

2.872156 

2.872215 

2.872273 

2.872331' 

2.872389 

58 

746 

2.872739 

2.872797 

2.872855 

2  872913 

2.872972 

58 

747 

2.872321 

2.873379 

2.873437 

2.873495 

2  873553 

$8 

748 

2.873Q02 

2.873960 

2  874018 

2.874076 

2.874134 

S8 

749 

2.874482 

2.874540 

2.874598 

2.874656 

2.874714 

58 

750 

2.875061 

2 .875 1 19 

2.875177 

z.875235 

2.875293 

58 

751 

2.875640 

2  875698 

2.875756 

2.875815 

2  87587 1 

58 

752 

2.8762 1 8 

2.876276 

2.876333 

2.876391 

2.876449 

58  , 

753 

2.876795 

2.876853 

2.876910 

2.876968 

2.877026 

58 

754 

2  877371 

2.877429 

2.877486 

2.877544 

2.877602 

58  . 

755 

2.877947 

2.878004 

2.878062 

2.8781 19 

2.878177 

57  : 

756 

2.878522 

2.878579 

2  878637 

2.878694 

2.8787V;  1 

5?  . 

757 

2.879096 

2879153 

2  87921 1 

2.879268 

2.8-9325 

57  . 

758 

2.879669 

2.879726 

2.879784 

2.879841 

2.879898 

57  ! 

759 

2.880242 

2  880299 

2.880356 

2. 88041 3 

2.880471 

57 

760 

2. 88081 4 

2  880871 

2.880928 

2.880985 

2.881042 

57  .. 

761 

2.881 385 

2.881442 

2.881 499 

2  881556 

2.88 1 61 3 

57  . 

762 

Z.881Q43 

2,88201 2 

2.882069 

2  882126 

2.8821 83 

57  > 

763 

2.882524 

2.882581 

2.882638 

2.882695 

2.882752 

57  ; 

764 

2.883093 

2.8831  50 

2.883207 

2  883264 

2.883321 

57  ; 

765 

2.883661 

2  883718 

2.883775 

2.883832 

2.883889 

57  - 

766 

2.884229 

2  884285 

2.884342 

2.884399 

2.884455 

57  . 

767 

2.884795 

2.884852 

2.884909 

2.884965 

2.885022 

57  . 

768 

2.885361 

2.88541 8 

2.885474 

2.885531 

2.885587 

57  . 

769 

2.885926 

2.885983 

2.886039 

2.886096 

2.8861 52 

56  . 

770 

2.886491 

2.886547 

2.886603 

2.886660 

2.8867 1 6 

56  . 

771 

2  887054 

2.8871 1 1 

2.887167 

2.887223 

2.887280 

56 

772 

2,887617 

2  887673 

2.887730 

2.887786 

2.887842 

56. 

773 

2.888179 

2.888236 

2.888292 

2.888348 

2.888404 

56  . 

774 

2.888741 

2.888797 

2.888853 

2.888909 

2.888965 

56  . 

775 

2.889302 

2.889358 

2.889414 

2.889470 

2.889526 

56  . 

776 

2.889862 

2.889918 

2.889974 

2.890030 

2.890086 

56  - 

777 

2.890421 

2.890477 

2.890533 

2.890586 

2.890644 

56  . 

778 

2.890980 

2.891035 

2.891091 

2.891 147 

2.891203 

56 

779 

2.891537 

2-89i593 

2.891649 

2.891705 

2.891 760 

56 

780 

2.892095 

2.8921 50 

2.892206 

2.892262 

2.8923 l7 

56 

781 

2.892651 

2.892707 

2.892762 

2.892818 

2.892873 

56 

782 

2.893207 

2.893262 

2.893318 

2.893373 

2.893429 

56 

783 

2.893762 

2.89381 7 

2.893873 

2.893928 

2.893984 

55 

784 

2.894316 

2.89437! 

2.894427 

2.894482 

2.894538 

55 

785 

2.894870 

2.894925 

2.894980 

2.895036 

2.895091 

55 

786 

2.895422 

2.895478 

2-895533 

2.895588 

2.895643 

55 

787 

2.895975 

2.896030 

2.896085 

|  2.896140 

2.896195 

1  55- 

j 


'  7 


from  i  to  10000. 

(  34-7 

) 

vjum 

5 

6 

7 

*8 

9 

745 

2.872448 

2.872506 

2.872564 

2.872622 

2.872681 

S8 

740 

2.873030 

2.873088 

2.873146 

2.873204 

2.873262 

58 

747 

2.87361 1 

2.873669 

2.873727 

2.873785 

^•873843 

58 

748 

2.874192 

2.874250 

2.874308 

2,874366 

2.874424 

58 

749 

2.874772 

2.874830 

2.874887, 

2.874945 

2.875003 

S8 

7  JO 

2.875351 

2.875409 

2.875466 

2.875524 

2.875482 

58 

751 

2.875929 

2.875987 

2.876045 

2.876102 

2.876160 

58 

7S2 

2.876506 

2.876564 

2.876622 

2.876680 

2.876737 

58 

753 

2.877083 

2.877141 

2.877198 

2.87725 6 

2.877314 

5s 

754 

2,87761:9 

2.877717 

2.877774 

2.877832 

2.877889 

58 

755 

2.878234 

2.878292 

2.878349 

2.878407 

2.878464 

57 

75  6 

2.878809 

2.878866. 

2.878924 

2.878981 

2.379038 

57 

757 

2.879383 

2.879440 

2.879497 

2.879555 

2.879612 

57 

758 

2.879956 

2.88001 3 

2.880070 

2.8801 27 

2,880185 

57 

759 

2.880528 

2.880585 

2.880642 

2.880699 

2.880756 

57 

760 

2.88 1099 

2.88 1 156 

2.881213 

2.881270 

2.881 328 

57 

761 

2.88 1670 

2.881727 

2.881784 

2.881 841 

2.881898 

57 

762 

2.882240 

2.882297  ' 

2'882354 

2.88241 1 

2.882468 

57 

763 

2.882809 

2.882866 

2'8£,2Q2'S 

2.882980 

2.883036 

57 

764 

2.883377 

2.883434 

2.883491 

2.883548 

2.883604 

57 

765 

2.883945 

2.884002 

2.884059 

2.8841 1 5 

2.884172 

57 

766 

2  88451^ 

2.884569 

2.884625 

2.884682 

2.884739 

57 

767 

2.885978 

2.885135 

2.885191 

2  885248 

2.885305 

57 

768 

2.885644 

2.885700 

2.8S5757 

2  885813 

2.885870 

57 

769 

2.886209 

2.886265 

2.886321 

2.886378 

2,886434. 

56 

770 

2.886773 

2.886829 

2.886885 

2.886942 

2.886998 

56 

771 

2.887336 

2.887392 

2.887448 

2.887505 

2.887561 

57 

772 

2.887898 

2.S87955 

2.88801 I 

2.888068 

2.888123 

56 

773 

2.888460 

2.88851  6 

2.888573 

2.888629 

2.888685 

56 

774 

2.889021 

2.889077 

2,8891 34 

2.889190 

2.889246 

56 

775 

2.889582 

2.889638 

2.889694 

2.889750 

2  889806 

56 

776 

2.890141 

2.890197 

2.890253 

2.890309 

2.890365 

56 

777 

2.890700 

2.890756 

2.890812 

2.890868 

2.890924 

56 

,778 

2.891259 

2.891 3  14 

2.891370 

2,891426 

2.891482 

56 

,779 

2.891816 

2.891872 

2.891927 

2, 891082 

2.892039 

56 

780 

2.892373 

2,89242  8 

2.892484 

2.892440 

2.892595 

56 

781 

2.892929 

2.892985 

2.893040 

2  893096 

2,893151 

56 

782 

2.893484 

2.893540 

2.893595 

2.893651 

2.893706 

56 

,783 

2.894039 

2  894094 

2.894150 

2.894205 

2.894261 

55 

784 

2,894593 

2.894648 

2.894704 

2.894759 

2.894814 

55 

,785 

2.895 146 

2.895201 

2.895257 

2.89531 2 

2.895367 

55 

786 

2.895699 

2.895754 

2.895809 

2.895864 

2.895919 

55 

787 

j  2  896251 

2.896306 

2.896361 

2.896416 

3.896471 

55 

|  (  348  )  A  Table  of  Logarithms, 


■Nuin 

0 

1 

2 

3 

4 

Diff- 

788 

2.896526 

2.89658 1 

2.896636 

2.896691 

2.896747 

55 

789 

2.S97077 

2.897132 

2.897187 

2. 897242 

2.897297 

55 

790I 

2.897627 

2.897682 

2.897737 

2.897794 

2.897847 

55 

791 

2.898176 

2.898231 

2.898286 

2.898341 

2.898396 

55 

792 

2. 858725 

2.898780 

2.898835 

2.898890 

2.898944 

55 

793 

2.899273 

2.899328 

2.899383 

2.899437 

2.899492 

55 

794 

2.899820 

2.899875 

2.899930 

2.899985 

2.900039 

55 

795 

2.900367 

2.900422 

2.900476 

2.900531 

2.900586 

55 

796 

2.900913 

2.900968 

2.901022 

2.901077 

2.901 131 

55 

797 

2901458 

2.901513 

2.901 567 

2.901622 

2.901676 

55 

798 

2.902003 

2.902057 

2.9021 1 2 

2.903166 

2.902220 

54 

799 

2.902547 

2.902601 

2.902655 

2.902710 

2.902764 

55 

800 

2.903090 

2>9°3I44 

2.903198 

2.903253 

2.903307 

54 

801 

2.903632 

2.903687 

2.903741 

2.903795 

2.903849 

54 

802 

2.904174 

2.904228 

2  904283 

2.904337 

2-9°439I 

54  . 

803 

2.904715 

2.904770 

2.904824 

2.904878 

2.904931 

54  ' 

804 

2.905256 

2.905310 

2.905364 

2  905418 

2.905472 

54 

805 

2.905796 

2.905850 

2.905904 

2.905958 

2.90601 2 

54 

S06 

2.906335 

2.906389 

2,906443 

2.906497 

2.906550 

54  • 

807 

2.9068*73 

2.906927 

2.906981 

2  907035 

2.907089 

54 

808 

2.90741 1 

2,907465 

2.907519 

2.907573 

2.907626 

54 

809 

2.907948 

2  908002 

2.908056 

2.908 109 

2.9081 63 

54  f 

810 

2.908485 

2.968539 

2.908592 

2.908646 

2.908699 

54 

811 

2.909021 

2.909074 

2.9091 28 

2.909181 

2.909235 

53 

812 

2.909556 

2.909609 

2.909663 

2.909716 

2.909770 

53 

8*3 

2.910090 

2.910144 

2.910197 

2.910251 

2.910304 

53 

814 

2.910624 

2.910678 

2 -9 1 °73 1 

2.910784 

2.910838 

53 

815 

2.91 11 58 

2  91 121 1 

2.91 1 264 

2.91 1 3 1 7 

2.9U371 

53 

816 

2.91 1690 

2.9H743 

2.9U797 

2.91 1850 

2.91 1903 

53 

817 

2  91 2222 

2.91 2275 

291 2328 

2.912381 

2-91  2435 

53 

818 

2  912753 

2.91 2806 

2.912859 

2.912912 

2.91 2966 

53 

819 

2.91 3284 

2 -9 1 3337 

2-9I339° 

2.913443 

2.913496 

■53 

820 

2.913814 

2.913867 

2.91 3920 

2,9 1 397  3 

2.914026 

53  ' 

821 

2-9H343 

2.914369 

2. 9 1 4449 

2.914502 

2-9H555 

53 

822 

2.914872 

2.914925 

2.914977 

2.915030 

2.915083 

53 

823 

2.945400 

2.915453 

2.915505 

2-9 1 5  5  5  8 

2.91 561 1 

53 

824 

2-9I5927 

2.915980 

2.916033 

2.916085 

2.9161 38 

53 

825 

2.916454 

2.916507 

2.916559 

2.916612 

2.916664 

53 

826 

2.916980 

2.917033 

2.917085 

2.917138 

2.917190 

53 

827 

2.917505 

2.917558 

2.91 7610 

2.917663 

2.917715 

52 

828 

2.918030 

2.918083 

2.91 81 35 

2.918188 

2  918240 

52 

829 

2.918555 

2.918607 

2.91 8659 

2.918712 

2.918764 

52 

830 

2.919078 

2.919130 

2.919183 

2.919236 

2.919287 

■5?'* 

from  1  to  10000. 

(  349 

) 

Mum 

5 

6 

7 

8 

9 

Diff 

i  7S8 

2.896802 

2.896857 

2.89691 2 

2.896967 

2.897022 

S5 

789 

2.897352 

2.897407 

2.897462 

2.897517 

2.897572 

55 

79° 

2.897902 

2.897957 

2.898012 

2.898067 

2.898122 

55 

791 

2.89843 1 

2.898506 

2.898561 

2.898615 

2.898670 

55 

792 

2.898999 

2.899054 

2,899x09 

2.899164 

2.899218 

55 

!  793 

2.899547 

2.899602 

2.899656 

2.89971 1 

2.899766 

55 

794 

2.900094 

2.900x49 

2.900203 

2.900258 

2.900312 

55 

795 

2.900640 

2.900695 

2.900749 

2.900804 

2.900858 

55 

796 

2.901 186 

2.901240 

2.901295 

2.901349 

2.901404 

55 

797 

2.90x731 

2.901785 

2.901840 

2.901894 

2.901948 

54 

798 

2.90227  5 

2.902329 

2.902384 

2.902438 

2.902492 

54 

799 

.2.902818 

2.902873 

2.90292  7 

2.902981 

2.903036 

54 

800 

2.903361 

2.903416 

2.903470 

2.903524 

2.903578 

54 

801 

2.903903 

2.903958 

2.904012 

2.904066 

2,9041  20 

54 

802 

2.904445 

2.904499 

2.904553 

2.904607 

2.904661 

54 

803 

2.904986 

2-903040 

2.905094 

2.905148 

2.905202 

54 

804 

2.905526 

2.903380 

2.905634 

2.905688 

2.905742 

54 

805 

2.906065 

2.9061 19 

2.906x73 

2.906227 

2.906281 

54 

806 

2.906004 

2.906658 

2.906712 

2,906766 

2.906820 

54 

807 

2.907142 

2.907196 

2.907250 

2.907304 

2.907358 

•54 

808 

2.907680 

2.907734 

2.907787 

2,907841 

2.907895 

54 

809 

2.908217 

2.908270 

2.508324 

2.908378 

2.90843X 

54 

810 

2.908753 

2.908807 

2.908860 

2.908914 

2.908967 

54 

!8i  1 

2.909288 

2.909342 

2.909395 

2.909419 

2.9O9502 

54 

812 

2.909823 

2.909877 

2.909930 

2.909984 

2.9x0037 

53 

813 

2.910338 

2.91041 1 

2.910464 

2.910518 

2.9IO57I 

53 

814 

2.9x0891 

2.910944 

2.910998 

2.911051 

2.9IIIO4 

53 

81  5 

2.91 1424 

2.91 1477 

2.91x530 

2.91 1584 

2.911637 

53 

8x6 

2.qi  1936 

2.912009 

2.9x2063 

2.912116 

2.912169 

53 

Si? 

2.91 2488 

2.9x2541 

2.912594 

2.91  2647 

2.912700 

53 

818 

2.913019 

2.913072 

2.913125 

2.913178 

2.913231 

53 

819 

2.913549 

2.91 3602 

2.913655 

2.913708 

2.913761 

53 

820 

2.914079 

2.914131 

2.914184 

2.914237 

2.9I429O 

53 

821 

2.914608 

2.914660 

2.9147x3 

2.914766 

2.914819 

53 

822 

2.91 31 36 

2.915189 

2.9x5241 

2-9x5294 

2.915347 

53 

823 

2.91 3664 

2.915716 

2.915769 

2.9x5822 

2.915874 

S3 

j  824 

2.916191 

2.916243 

2.916296 

2.9x6349 

2.9164OI 

S3 

825 

2.916717 

2.916770 

2.9x6822 

2.916875 

2.916927 

53 

826 

2.917243 

2.9x7295 

2.9x7348 

2.917400 

2.9x7453 

S3 

827 

2.917768 

2.917820 

2.917873 

2.917925 

2-917978 

S2 

S28 

2.9 18292 

2.918345 

2.9x8397 

2.918450 

2.918502 

52 

829 

2.9x8816 

2.918869 

2.918921 

2.918973 

2.919026 

52 

8  30 

2.919340 

2.919392 

2.919444 

2.919496 

2.9X9549 

S2 

1 


■  35  °  ) _ A  Table  of  Logarithms, 


Num 

O 

I 

2 

3 

4 

831 

832 

833 

834 

835 

836 

837 

838 

839 

840 

2.919601 
2.920123 
2,92064; 
2.921 166 
2.921686 
2.922206 
2.92272; 
2.923244 
2.923762 
2.924279 

2.919633 
2.920175 
2.920697 
2.921 21 8 
2.921738 
2.922258 
2.922777 
2.923296 
2.923814 
2.924331 

2.919705 

2.920228 

2.9207119 

2.921270 

2.921790 

2.922310 

2.922829 

2.923348 

2,923805 

2.924383 

2.919758 
2.920280 
z. 920801 
2.9Z1  322 
2,921842 
2.922362 
2,922881 

2-923399 ' 

2,923917 

2.924434 

2.919810 
2.920332 
2.9208:3 
2.921374 
2.921 894 
2.92241 4 
2.922933 
2.923451 
2.923969 
2.924486 

841 

842 

843 

844 

845 

846 

847 

848 

849 

850 
S51 

2.924796 
2. 923312 
2.925828 
2.926342 
2.926837 
2.^27370 
2.927883 
2.928396 
2.928908 
2.929419 
2.929930 

2.924848 

2.925364 

2.925879 

2.926394 

2.926908 

2.927422 

2,927935 

2.928447 

2.928959 

2.929470 

2.929981 

2.924899 

2.925415 

2.925931 

2.926445 

2.926959 

2.927473 

2.927986 

2.928498 

2.929010 

2.929521 

2.930032 

2.924951 
2.925467 
2.925982 
2.926497 
2.92701 1 
2.927524 
2.928037 
2.928549 
2.929001 
2.929572 
z. 930083 

2.925002 
2.9255 18 
2.926034 
2.926548 
2.927062 
2.927576 
2.928088 
2,928601 
2.9291 12 
2.929623 
2.930134 

852 

853 

854 

855 

856 

857 

858 

859 

860 

861 

862 

2.930440 

2.930949 

2-93 1 43  8 
2.931966 
2.932474 
2.932981 
2.933487 

2-933993 

2.934498 

2.933003 

2.933507 

2.930491 

2.931000 

2.931509 

2.932017 

2.932524 

2.933031 

2-935S38 

2.934044 

2.934549 

2.935054 

2.935558 

2.930541 

2.931051 

2.931560 

2.932068 

2.93257; 

2.933082 

2.933588 

2.934094 

2.934599 

2-935io4 

2.935608 

2.930392 
2.931 102 
2.931610 
2.9321 l8 
2.932626 

2-933*33 

2.933639 

2.934145 

2.934650 

2.935154 

2.935658 

2.936162 

2.936664, 

2.937167 

2.937668 

2.938169 

2.938670 

2,939170 

2.939669 

2.940168 

2  940666 
2.941163 

2.930643 

2.931153 

2.931661 

2.932169 

2.932677 

2.933183 

2.933690 

2.934195 

2.934700 

2.935205 

2.935709 

2.93621 2 

z.936715 

2.937217 

2.937718 

2.9382 19 

2,938720' 

2,939220 

2,939719 

2.940218 

2.940716 

2.941213 

863 

864 
86; 
866 

867 

868 

869 

870 

871 

872 

873 

2.93601 1 
2.936314 
2.937016 
2.937518 
2.938019 
2.938520 
2.939020 

2-9395>9 

2.940018 

2.940516 

2. 941014 

2.936061 

2.936564 

2.937066 

2.937568 

2.938069 

2.938570 

2.939070 

2.939569 

2.940068 

2.940566 

2.941064 

2.9361 1 1 
2.936614 
2.9371 16 
2.937618 
2.938119 
.2.938620 
2.939120 
2.939619 
2.9401 1 8 
2.940616 
2.941 1 14 

f 


from  1  to  10000. 

(  35 1 

)  ! 

Num 

5 

6 

7. 

8 

9 

Diff , 

831 

2.919862 

2.919914 

2.919967 

2.920019 

z. 920071 

52 ! 

832 

2.920384 

2,920436 

2.920489 

2.920541 

2.920593 

52  ! 

833 

2.920906 

2.920958 

2,921010 

2.921062 

2.921114 

?2 ! 

834 

2.921426 

2.921478 

2.921530 

2.921582 

2.921634 

52 

835 

2.921946 

2.921998 

2,922050 

2.922162 

2.922154 

52 , 

836 

2.922466 

2.922518 

2.922570 

2.922622 

2.922674 

S2  ' 

S37 

2.922983 

2.923037 

2.923088 

2.923140 

2.923192 

52 

838 

2.923503 

z-923555 

2.923607 

2.92365-8 

2.923710 

S2  | 

839 

2.924021 

2.924072 

2.924124 

2.924176 

2.924228 

52 

840 

2.924538 

2.924589 

2,924641 

2.924693 

2.924744 

52 ; 

841 

2.925054 

2.925106 

2.925157 

2.925209 

2.925260 

52  ; 

842 

2.925570 

2.925621 

2.925673 

2.925724 

2.925776 

52  ' 

843 

2.926085 

2.926137 

2.926188 

2.926239 

2.926291 

52 

844 

2.926600 

2.926651 

2.926702 

2.926754 

2.926805 

5*  i 

84? 

2.9271 14 

2.92716; 

2.927216 

2.92726S 

2.927319 

51 

846 

2.927627 

2.927678 

2.92773° 

2.927781 

2.927832 

5i 

847 

2.928140 

2.928191 

2.928242 

2.928293 

2.928345 

S'*  t 

848 

2.928632 

2.928703 

2.928754 

2.928805 

2.928856 

5l 

849 

2.929163 

2.929214 

2.929266 

2,929317 

2.929368 

5* 

850 

2.929674 

2.929725 

2.929776 

2.929827 

2.929878 

5i 

831 

2.93018; 

2.930236 

2.930287 

2.930338 

2.930389 

51 

852 

2.930694 

2.930745 

2.930796 

2.930847 

2.930898 

51 

853 

2.931203 

2.931254 

2.931305 

2.931356 

2.931407 

5i 

8  34 

2.931712 

2.931763 

2.931814 

2.931864 

2.931915 

51 

8SS 

2.932220 

2.932271 

2.932321 

2.932372 

2.932423 

5* 

856 

2.932727 

2.93277S 

2.932829 

2.932879 

2.932930 

5i 

857 

2-933234 

2.933285 

2.933335 

2.933386 

2-933437 

5i 

858 

2.933740 

2.933791 

2.933841 

2.933892 

2-933943 

5i 

859 

2.934246 

2.934296 

2-934347 

2-934397 

2.934448 

51 

860 

2.934751 

2.934801 

2.934S52 

2.934902 

2-934953 

50 

861 

2.93525; 

2.935306 

2.935356 

2.935406 

2-935457 

5° 

862 

2.935759 

2.935809 

2.935860 

2.935910 

2.935960 

5° 

863 

2.936262 

2. 9363*3 

2.936363 

2.936413 

2.936463 

5° 

864 

2.936765 

2.936815 

2.936865 

2.9369 16 

2.936966 

5° 

865 

2.93726 7 

2.937317 

2.937367 

2-937418 

2.937468 

5° 

866 

2.937769 

2.937819 

2.937869 

2.937919 

2.937969 

5° 

867 

2.938269 

2.938319 

2.93837° 

2.938420 

2.938470 

5° 

868 

2.938770 

2.938820 

2.938870 

2.938920 

2.938970 

5° 

869 

2.939270 

2.939319 

2.939369 

2-9394*9 

2.939469 

50 

870 

2.939769 

2.939819 

2.939868 

2-939918 

2.939968 

5° 

87i 

2.940267 

2.940317 

2.940367 

2.940417 

2.940467 

5° 

872 

2.94076; 

2.940815 

2.94086; 

2.940915 

2.94096; 

5° 

873 

2.941 263 

2-9413I3 

2.941362 

2.94141 2 

2.941462 

5° 

(  352  )  A  Table  of  Logarithms, 


Num 

0 

1 

2 

3 

4 

Dirt. 

8  74 

875 

876 
8  77 

878 

879 

880 

881 

882 

883 

2.941 5 1 1 
2.942008 
2.942504 
2.943000 
2.943494 
2.943989 
2.944483 
2.944976 
2.945469 
i.945961 

2.941 561 
2.942058 
2.942554 
2.943049 

^•943544 

2.944038 

2.944532 

2.945025 

2.945518 

2.946010 

2.94161 1 
2.942107 
2.942604 
2.943099 
2.943593 
2.944088 
2 -9445 81 

2.945074 

2,945567 

2.946059 

2.941660 

2-942I57 

2.942653 

2.943148 

2-943643 

2-944*37 

2,944631 

2.945124 

2,945616 

2.946108 

2.941 710 
2.942206 
2.942702 
2.943198 
2.943692 
2.944186 
2.944680 
2.945173 

2.945665 

2.946157 

5° 

5°  • 
50 

49 

49 1 

49 

49 

49 

49  ' 

49 

884 

885 

886 

887 

888 

889 

890 

891 

892 

893 

8  94 

2.946452 

2.946943 

2.947434 

2.947924 

2.948413 

2.948902 

2.949390 

2.949878 

2.950365 

2.950851 

*•95*337 

2.946501 

2.946992 

2.947483 

2-947973 

2.948462 

2.948951 

2.949439 

2.949926 

2.950413 

2.950900 

2.951386 

2.946550 

2.947041 

2-947532 
2.948021 
2.9485 1 1 
2.948999 
2.949488 
2.949975 
2.950462 
2.950949 
2-95*435 

2.951920 

2.952405 

2.952889 

2-953373 

2.953856 

2-954339 

2.954821 

2-955  3P3 
2.955784 
2.956264 
2.956745 

2.946600 
2.947090 
2.947581 
2.948070 
2.948560 
2.949048 
2.949536 
2.950024 
2.9505 1 1 
2.950997 
2.951483 

2.946649 
2.947139 
2.947630 
2.9481 19 
2.948608 
2.949097 
2.949585 
2,950073 
2.950560 
2.951046 
2.951532 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

895 

896 

897 

898 

899 

900 

901 

902 

9°  3 
9°4 

905 

2.951823 
2.952308 
2.952792 
2.953276 
2.953760 
2.954242 
2.954725 
2.95520 6 
2.9556S8 
2.956168 
z.  95 6649 

2.951872 

2.952356 

2.952841 

2-95332S 

2.953808 

2.954291 

2.954773 

2.955255 

2.955736 

2.956216 

2.956697 

2.951969 

2-952453 

2.952938 

2.953421 

2-95 39°5 
2.954387 
2.954869 
2.955351 
2.955832 
2.956312 
2.956792 

2.952017 

2.952502 

2.952986 

2.953470 

2-953953 

2-954435 

2-954918 

2-955399 

2.955880 

2.956360 

2.0^684.0 

49* 

48 

48 

4». 

48 

4  8 
48 
48 
48 
48 

48 

906 

9°7 

908 

9°9 

910 

91 1 

912 

9*3 

9*4 

91 5 

916 

z.957128 

2.957607 

2.9580S6 

2.958564 

Z-95S°41 

2.959518 

2.959995 

2.960471 

2.960946 

2.961421 

2.961895 

2-957I7& 
2.957655 
2.958134 
2.958612 
2.959089 
2.959566 
2.960042 
2.9605 18 
2.960994 
2.961468 
2.961943 

2.957224 

2.957703 

2.958181 

2.958659 

2.959137 

2-95  96M. 

2.960^0. 

2.960566 

2.96 1041 

2.961516 

2.961990 

2.957272 
2.957751 
2.958229 
2.958707 
2.959184 
2.959661 
2,960138 
2.960613 
2.961089 
2.961 563 
2.962038 

2.957320 
2.957799 
2.958277 
2.95S755 
2.959232 
2,959709 
2,96018:5 
2,960661 
2.961 136 
2.96161 1 
2.962085 

48 

48 

48 

48 

48 

-48 

..18 

48 

47 

47 

47 

from  i  to  10000.  *  (  353  ) 

rum 

5 

6 

7 

8 

9 

Dift; 

*74 

:^75 

I?  76 
*77 
?73 

379 
Mo 
33 1 
33z 

333 

334 
385 
^36 
83; 
3S8 

889 

890 

891 

892 

?93 

894 

895 

896 

897 

898 

899 
300 

90 1 

902 

903 

904 

906 

907 

908 

909 

910 

911 

912 

913 

914 

9*5 

916 

2.941760 

2.942256 

2.942752 

2.943247 

2.943724 

2.944236 

2.944729 

2.945222 

2.945715 

2.946207 

2.941809 

2.942306 

2.942801 

2.943297 

2.943791 

2.944285 

2.944779 

2.945272 

2.945764 

2.946256 

2.941859 

2.942355 

2.942851 

2.943346 

2.943841 

2-94433S 

2.944828 

2.945321 

2.945813 

2.946305 

2.941909 

2.942405 

2.942900 

2.943396 

2.943890 

2.944384 

2.94487 7 

2.945370 

2.945862 

2.946354 

2.941958 

2.942454 

2.942950 

2.943445 

2.943939 

2-944433 

2.944927 

2.945419 

2.945911 

2.946403 

49 

49 

49 

49 

49 

49  • 
49 

49 

49 

49 

2.946698 
2.947189 
2.947679 
2.948168 
2.948657 
2.949146 
2.949634 
2.950121 
2.950608 
2.951095 
2.951 580 

2.946747 

2.947238 

2.947728 

2.948217 

2.948706 

2.949195 

2.949683 

2.950170 

2.950657 

2.951143 

2.951629 

2.94679b 

2.947287 

2-947777 

2.948266 

2.948755 

2.949244 

2.949731 

2.950219 

2.950705 

2.951192 

2.951677 

2.946845 

2.947336 

2.947826 

2.948315 

2.948804 

2.949292 

2.949780 

2.95026 7 

2.950754 

2.951240 

2.95 1726 

2.946894 

2.947385 

2.947875 

2,948364 

2.948853 

2.949341 

2.949829 

2.950316 

2.950803 

2.951289 

2.951774 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

49 

2.952066 

2.95255° 

2.953034 

2.953518 

2.954001 

2.954484 

2.954966 

2.955447 

2.955928 

2.956409 

2.956888 

2.952 1 14 
2.952599 
2.953083 
2.953566 
2.954049 
2.954532 
2.955014 

2-955495 

2.955976 

2.956457 

2.956936 

2.952163 

2.952647 

2.953131 

2.953615 

2.954098 

2.954580 

2.955062 

2-955543 

2,956024 

2.956505 

2.956984 

2.952211 
2.952696 
2.953180 
2.953663 
z. 954146 
2.954628 
2.955110 

2-95559* 

2.956072 

2-956553 

2.957032 

2.952259 

2.952744 

2.953228 

2.9537>l 

2.954194 

2.954677 

2.955158 

2.955640 

2.956120 

2.956601 

2.957080 

48 

48 

48 

48 

48 

48. 

48 

48 

48 

48 

48 

2.957368 
2.937847 
2.958325 
2.958803 
2.959280 
2.959757 
2.960233 
2.960709 
2.961 184 
2.961658 
2.962132 

2.957416 

2.957894 

2-958373 

2,958850 

2.959328 

2.959804 

2  960281 
2.960756 
2.961 231 
2.961706 
2.962180 

2.957464 

2.957942 

2.958420 

2.958898 

2-959375 

2.959852 

2.960328 

2.960804 

2.961279 

2.961753 

2.962227 

2-9575 1  1 

2.95799° 

2*958468 
2.958946 
2.959423 
2,959900 
2^960376 
2.96085 1 
2,961326 
2,961801 
|  2.962275 

2.957559 

2.958038 

2.958516 

2.958994 

2.959471 

2.959947 

2.960423 

2,960899 

2.961374 

2.96184? 

2.962322 

48 

4S 

48 

48 

4§ 

48 

48 

48 

*47 

47 

47 

i 
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A  Table  of  Logarithms, 


Nam 

0 

I 

2 

3 

4 

Dir 

11 

9*7 

2  qt)2^0q 

2.962417 

2.962464 

2.96251 1 

2.962559 

47' 

918 

2.Q6284.I 

2.962890 

2.962937 

2  962985 

2.963032 

47k 

919 

2.963315 

2.063363 

2.96341° 

2-963457 

2  9635°4 

47k 

920 

2.062788 

2.963835 

2.963882 

2.963929 

2.963977 

47 

921 

2  964260 

2.964307 

2.964354 

2  964401 

2.964448 

47 

922 

2.96473 1 

2.964778 

2.964825 

z.964872 

2.964919 

47;r 

923 

2.965202 

2  965249 

2.965296 

2  965343 

2.96539O 

47. 

924 

2.965672 

2.965719 

2.965766 

2.96581  3 

2.965860 

47  j 

925 

2.966142 

2  966189 

2.966236 

2.966283 

2.966329 

47: 

926 

2  96661 1 

2.966658 

2.966703 

2.966752 

2.966798 

47; 

927 

2.967080 

2.967127 

2.967173 

2.967220 

2.9672O7 

47c 

928 

2.967548 

2.967595 

2.967642 

2  967688 

2.967735 

47: 

929 

2.968016 

2.968062 

2.968109 

2.968156 

2.968203 

47; 

930 

2.968483 

2.968530 

2.968576 

2.968623 

2.968670 

47j 

931 

2.968950 

2.968996 

2  969043 

2.969090 

2.9691  36 

47( 

932 

2.9694 16 

2.969462 

2  969509 

2.969556 

2.969602 

47c 

933 

2.969882 

2.969928 

2.969975 

2  970021 

2.970068 

4/e 

934 

2.970347 

2.970393 

2.970440 

2.970486 

2.970533 

46 

93? 

2.97081 2 

2.970858 

2.97,0904 

2.970951 

2.970997 

4j 

936 

2.971276 

2.971322 

2.971369 

2  971415 

2.971461 

46 

937 

2-97I74° 

2,971786 

2.971832 

2.971879 

2.971925 

938 

2,972203 

2  972249 

2.97:2295 

2.972342 

2.972388 

4( 

939 

2.972666 

2.972712 

2.972758 

2.972804 

2.972851 

4<l 

940 

2.9731 28 

2-973*74 

2.973220 

2.973266 

2-97331 3 

4<; 

941 

2.97359° 

2.973636 

2.973682 

2.973728 

2-973774 

4 

942 

2.97405  ‘ 

2.974097 

2 -974*43 

2.974189 

2.974235 

4<c 

943 

2.974512 

2.974553 

2.974604 

2.974650 

2.974696 

4< 

944 

2  974972 

2.97501 8 

2.975064 

2.975  1 10 

2.975156 

4(, 

945 

2.975432 

2.975478 

2  975524 

2.975570 

2.975616 

4f 

946 

2.975891 

2975937 

2.9759S3 

2.976029 

2.976075 

4<: 

947 

2  976350 

2.976396 

2.976442 

2.976487 

2.976533 

4\ 

948 

2.976808 

2.976854 

2.976900 

2.976946 

2.97699! 

4(! 

949 

2.977266 

2.977312 

2  977358 

2.977403 

2.977449 

4\ 

95° 

2.977724 

2.977769 

2.97781? 

2.977861 

2.977906 

4': 

9S» 

2.978180 

2.978226 

2.978272 

2.978317 

2.978363 

4t 

952 

2.978637 

2.978683 

2.978728 

2.978774 

2.978819 

4) 

953 

2.979093 

2.979138 

2.979184 

2.979230 

2.979275 

4 

93  4 

2-979548 

2.979594 

2.979639 

2.979685 

2.979730 

4<( 

955 

2.980003 

2.980049 

2.980094 

2.980I40 

2.980185 

4io 

956 

2.980458 

2.980503 

2.q8o54Q 

2.980594 

2.980640 

4* 

957 

2.980912 

2.980957 

2.981003 

2.981048 

2.981095 

4!e 

958 

2.981365 

2.93141 1 

2^81456 

2.981501 

2.981547 

4‘f 

-  959 

|  2.981819 

2.981864 

2.981909 

2.9S1954 

2.982000 

4!o 

,1— — - 

from  1  to  10000. 
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J 

INum 

5 

6  - 

7 

8 

9 

Diff 

|  9 1 7 

2.962606 

2.962653 

2.962701 

2.962748 

2.962795 

47 

j  918 

2.963079 

2.963126 

2-963 *74 

2.963221 

2.963268 

47 

1,  9*9 

2.963552 

2.963599 

2.963646 

2.963O93 

2.963741 

47 

!  920 

2.964024 

2.964071 

2.9641 18 

2.964165 

2.96421 2 

47 

921 

2.964495 

2  964542 

2.964590 

2.964637 

2.964684 

47 

922 

•  2.964966 

2.965013 

2.965060 

2.965108 

2.965155 

47 

923 

2.965437 

2.965484 

2.965531 

2.965578 

2.965625 

47 

924 

2.965907 

2.965954 

2.966001 

2.966048 

2.966094 

47 

I  92; 

2.966376 

2.966423 

2.966470 

2.9665 17 

2.966564 

47 

926 

2.966845 

2.966892 

2.966939 

2.966986 

2.967033 

47 

927 

2.967314 

2.967361 

2.967408 

2.967454 

2.967501 

47 

928 

2.967782 

2.967S29 

2.967875 

2.967922 

2.967969 

47 

929 

2.968249 

2.968296 

2.968343 

2.968389 

2.968436 

47 

930 

2  968716 

2.968763 

2.9688 10 

2.968856 

2.968903 

57 

931 

2.969183 

2.969229 

2.969276 

2.969323 

2.969369 

47 

932 

2.969649 

2.969695 

2.969742 

2,969788 

2.969833 

47 

933 

2.970114 

2  970161 

2.97020 7 

2.970254 

2.970300 

47 

934 

2.970579 

2  970626 

2.970672 

2.970719 

2.970765 

47 

935 

2.971044 

2.97 1090 

2.97U37 

2.97! 183 

2.971229 

46 

936 

2.971 508 

2.971554 

2.971600 

2.971647 

2.971693 

46 

937 

2. 971971 

2.972018 

2.972064 

2.9721 10 

2.972156 

46 

938 

2.972434 

2.972480 

2.97252  7 

2.972573 

2.972619 

46 

939 

2.972897 

2.972943 

2.972989 

2.973035 

2.973082 

46 

940 

2-973359 

2.973405 

2-97345i 

2'973497 

2-973543 

46 

94 1 

2.973820 

2.973866 

2.973913 

2.973959 

2  9740°5 

46 

942 

2.974281 

2.974327 

2.974373 

2.974420 

2.974466 

46 

j  943 

2.974742 

2.974788 

2.974834 

2.974880 

2.974926 

46 

944 

2.975202 

2.975248 

2.975294 

2.975340 

2.975386 

46 

945 

2.975661 

2.975707 

2.975753 

2.975799 

2.975845 

46 

946 

2.976121 

2.976166 

2.976212 

2.976248 

2.976304 

46 

947 

2.976579 

2.976625 

2.976671 

2.976717 

2.976762 

46 

948 

2.977037 

2.977083 

2.977129 

2  977175 

2.977220 

46 

949 

2.977495 

2.977541 

2.977586 

2.977632 

2.977678 

46 

950 

2.977952 

2.977998 

2.978043 

2,978089 

2.978135 

46 

951 

2.978409 

2.978454 

2.978500 

2.978546 

2.978591 

46 

952 

2.978865 

2.97891 1 

2.978956 

2.979002 

2.979047 

46 

953 

2.979321 

2.979366 

2.979412 

2-979457 

2.979503 

46 

954 

2.979776 

2.979821 

2.979867 

2.979912 

2.97995s 

46 

955 

2.980231 

2.980276 

2.980.322 

2.980367 

2.980412 

45 

956 

2.980685 

2.980730 

2.980776 

2.980821 

2.980867 

45 

957 

2.981 139 

2.981184 

2.981229 

2.981275 

2.981320 

45 

958 

2.q8l?Q2 

2.981637 

2.981683 

2.981728 

2.981773 

45 

959 

2.982045 

2.982090 

2.982135 

2.98218.1 

2.982226 

<K 

Z  2 
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0 

1 

2 

3 

4 

Ditf 

2.982271 

2.982316 

2.982362 

2.982407 

2.982452 

45 

2.982723 

2.982769 

2.982814 

2.982859 

2.982904 

45 

2.983i75 

2.983220 

2.983265 

2.983310 

2.983356 

45 

2.983626 

2.983671 

2.983716 

2,983762 

2.983807 

45 

2.984077 

2.984122 

2.984167 

2,984212 

2.984257 

45 

2.984527 

2.984572 

2.984617 

2.984662 

2.984707 

45 

2.984977 

2.985022 

2.985067 

2, 985112 

z.985157 

45 

2.985426 

2.985471 

2.985516 

2.985561 

2.985606 

45 

2.985875 

2.985920 

2.985965 

2,986010 

2.986055 

45 

2.986324 

2.986369 

2.986413 

2.986458 

2.986503 

45 

2.986772 

2.986816 

2.986861 

2.986906 

2.98695 1 

45 

2.987219 

2.987264 

2.987309 

2.987353 

2.987398 

45 

2.987666 

2.98771 1 

2.987756 

2.987800 

2.987845 

45 

2.9881 13 

2.988157 

2.988202 

2.988247 

2.988291 

45 

2.988559 

2.988603 

2.988648 

2.988693 

2.988737 

45 

2.989005 

2.989049 

2.989094 

2.989138 

2.989183 

45 

2.989450 

2.989494 

2.989539 

2.989583 

2.989628 

44 

2.989895 

2.989939 

2.989983 

2.990028 

2,990072 

44 

2.990339 

2.990383 

2.990428 

2.qq0472 

2.990516 

44 

2.990783 

2.990827 

2.990871 

2.990916 

2.990960 

44 

2.991 226 

2.991 270 

2.991315 

2.991359 

2.991403 

44 

2.991669 

2.991713 

2.991757 

2.991802 

2.991846 

44 

2.9921 1 1 

2.992156 

2.992200 

2.992244 

2.992288 

44 

2-992553 

2.992598 

2.992642 

2.992686 

2.992730 

44 

2.992995 

2.993039 

2.993083 

2.993127 

2.993172 

44 

2.993436 

2.99348° 

2.993524 

2.993568 

2.993613 

44 

2.993877 

2-9939ZI 

2.993965 

z.  994009 

2.994053 

44 

2.994317 

2.994361 

2.994405 

2.994449 

2-994493 

44 

2-994757 

2.994801 

2.994845 

2.994889 

2-994933 

44 

2.995196 

2.995240 

2.995284 

2.995328 

2.995372 

44 

2.995635 

2.995679 

2.995723 

2.995767 

2.qq?8l  1 

44 

2.996074 

2.9961 17 

2.996161 

2.996205 

2.996249 

44 

2.9965 1 2 

2.996555 

2.996599 

2.qq6643 

2.qq6687 

44 

2-996949 

2.996993 

2.997037 

2.997080 

1  z.qq7i24 

44 

2.997386 

2.997430 

2.997474 

2-9975 1 7 

2.997561 

44 

2.997823 

2.997867 

2.99791° 

2.997954 

2.997998 

44 

2.998259 

2.998303 

2.998346 

2.998390 

2.998434 

44 

2.998695 

2.998739 

2.998782 

2.998826 

2,qq886q 

44 

2.999130 

2.999174 

2.qqq2i  8 

2,999261 

2,999305 

44 

2.999565 

2.999609 

2.999652 

2.999696 

2-999739 

43 

from  1  to  10000. 

(  357  ) 

Vum 

5 

6 

7 

8 

9 

Diff. 

960 

2.982497 

2.982543 

2.982588' 

2.982633 

2.982678 

45 

961 

2.982949 

2.982994 

2.983040 

2.983085 

2.983130 

45 

962 

2.983401 

2.983446 

2.983491 

2.983536 

2.983581 

45 

963 

2.983852 

2.983897 

2.983942 

2.983987 

2.984.032 

45 

964 

2.984302 

2.984347 

2.984392 

2.984437 

2.984482 

45 

965 

2.984752 

2.984797 

2.984842 

2.984887 

2.984032 

45 

966 

2.985202 

2.985247 

2.985292 

2.985337 

2.985382 

45 

967 

2.98565 1 

2.98  5696 

2.98574! 

2.985786 

2.985830 

45 

968 

2.986100 

2.986144 

2.9861 89 

2.986234 

2.986279 

45 

969 

2.986548 

2.986593 

2.986637 

2.986682 

2.98672 7 

45 

970 

2.986995 

2.987040 

2.987085 

2.987130 

2. 987^4 

-r 

45 

97 1 

2.987443 

2.987487 

2.987532 

2.987577 

2.987622 

45 

972 

2.987890 

2.987934 

2.987979 

2.988024 

2.988068 

45 

973 

2.988336 

2.988381 

2.988425 

2.988470 

2.988514 

45 

97+ 

2.98S782 

2.988826 

2.988871 

2.988915 

2.988960 

45 

975 

2.989227 

2.989272 

2.989361 

2.989361 

2.989405 

45 

976 

2.989672 

2.989717 

2.989761 

2.989806 

2.989850 

44 

977 

2.9901 17 

2.990161 

2.990206 

2.990250 

2.990294 

44 

978 

2.990561 

2.990605 

2.990650 

2.990694 

2.990738 

44 

979 

2.991004 

2.991049 

2.991093 

2.99U37 

2.991182 

44 

980 

2.991448 

2.991492 

2.991536 

2.991580 

2.991625 

44 

98 1 

2.991890 

2.991934 

2.991979 

2.992023 

2.992067 

44 

982 

2.992333 

2.992377 

2.992421 

2.992465 

2992509 

44 

983 

2.992774 

2.992818 

2.992863 

2.992907 

2.992951 

44 

984 

2.993216 

2.993260 

2.993304 

2.993348 

2.993392 

44 

985 

2.993657 

2.99370! 

2.993745 

2.993789 

2.993833 

44 

986 

2.994097 

2.994141 

2.994185 

2.994229 

2.994273 

44 

987 

2.994537 

2.994581 

2.994625 

2.994669 

2.994713 

44 

988 

2.994977 

2.995021 

2.995064 

2.995108 

2.995152 

44 

989 

2.995416 

2.995460 

2.995504 

2-995S47 

2.995591 

44 

990 

2.995854 

2.995898 

2.995942 

2.9959S6 

2.996030 

44 

991 

2.996293 

2.996336 

2.996380 

2.996424 

2.996468 

44 

992 

2.996730 

2.996774 

2.996818 

2.996862 

2.996905 

44 

993 

2.997168 

2.997212 

2.997255 

2.997299 

2-997343 

44 

994 

2.997605 

2.997648 

2.997692 

2.997736 

z-997779 

4+ 

993 

2.998041 

2.998085 

2.998 ! 28 

2.998172 

2.998216 

44 

996 

2.998477 

2.998521 

2.998564 

2.998608 

2.998652 

44 

997 

2. 9989^ 

2.998956 

2.999OOO 

2.999043 

2.905087 

44  ' 

99  8 

2.999348 

2.999392 

2.999435 

2.999478 

2.999522 

44 

999 

2.999783 

2.999826 

2.99987O 

2.999913 

2-999957 

43 

z  3 


Minutes) 


- 


(  358  ) 


A  Table  of  Artificial  Sines, 


1 


o  Degrees. 


0.000000 


6-4637z6 


6.764756 

940847 

7.065786 


»9 


24 


Sine 


162696 
7.241877 
7.305824 
7.366816 
7.417968 


7-463725 
7.505 1 18 
7.542907 
7.577668 
7.609853 


7.639816 

7.667844 

7-694!73 

7.71899 

7.74247 


7-764754 

7-785943 

7.806146 

7.825451 

7-843934 


7.861662 

7.878695 
7.895085 
7.910879 
7.9261 19 
7.940842 


IO  OOOOOO  o 


99999: 

99999 


Sine 


Tangent 

- 

Secant 

60 

59; 

58' 

57 

56 

55; 

54 

53, 

5Z, 

5_1 

5C 

49' 

48 

47 

46 

45: 

41 
43 

42 

4> 

0.000000 

infinite 

IOoOOOOOO 

Infinite. 

6.463726 

6.764756 

6.940847 

7^065786 

I3-536274 

i3-235244 

I3-°59I53 

12.934214 

10.000000 

10.000000 

10.000000 

10.000000 

*3-S 36z74 
13.235244 

I3-°59I53 

12.9342H 

7.162696 

7.241878 

7.308825 

7.366817 

7-41797° 

12.837304 
12.758122 
12.691 175 
12.633183 
12.582030 

10.000000 

10.000001 

10.000001 

10.000001 

10.000001 

I2-8373°4 
12.758123 
12.691 176 
12.633184 
12.582032 

7-463727 
7.505 120 
7.542909 
7.577671 
>7.609857 

12,536273 

12.494880 

12.457091 

12.422328 

12-390143 

10.000002 

10.000002 

10^000003 

10.000003 

10.000004 

12.536275 
12.404883 
1 2.457093 
12.422332 

i?-39OI47 

7.639820 

7.667849 

7.694179 

7.719003 

7.742484 

12.36018c 

12.332151 

12.305821 

12.280997 

12.257516 

10.000004 

10.000005 

10.090005 

10.000006 

10.000007 

12.360184 

12.332156 

12.305827 

12.281003 

12.257522 

7.764761 
■  7.785951 
7.806155 
7.825460 
7.843944 

12.235239 

12.214049 

12.193845 

i?-1 745 4° 
12.156056 

10.000007 

10.000008 

10.000009 

10.000010 

10.00001 I 

I2-235246 

12.214057 

12.193854 

12.174549 

12.156066 

4° 

39 

38 

37, 

3^ 

35; 

34 

33! 

32' 

31 

30 

7.861674 

7.878708 

7.895099 

7.910894 

7-9z6l34 

7.940858 

12.138326 

12.121292 

12.104901 

12.089106 

12.073866 

12.059142 

10.000012 

10.000012 

10.600013 

10.000014 

10.000016 

10.000017 

I2-*38338 
12.121305 
1 2. 1049 15 
12.089121 
12.073881 
12.059158 

Tangent 

' 

Secant 

§ 

si 

Bi 

Cl  1 

89  Degrees. 


’I 


I  7.940842 
7.955082 
7.968870 
7.982253 
.7^95198 

8.007787 

8.020021 

8.O3I9I9 

8.O435OI 

8.O5478I 


9.999984 

9.999982 

9.999981 

9.99998° 

9-999979 

9-999977 

9.999976 

9-999975 


1 8.065776 
8.0765009.999969 


9-99997+ 
9-999972 
9.999971 


8.086965 


8.097183 

8.107167 


8.i 16926 
8.126471 
8.135810 
8.144953 
8.153908 


8.162681 


9.999968 

9.999966 

9-9999^4 

9.999963 

9.999961 

9.999959 

9.999958 

9^99956 

9-999954 


s-*797x3 

8.187985 

8.196102 


8.204070 
8.21 1895 
3.219581 
8.22713 

S-234557 

8.241855 


8.1712809.999952 


9-99995° 

9.999948 

9.999946 


8.065806 

8.076531 
8.086997 
8.097217 
8.107202 
8.1 16963 
8.1265 10 
8.135851 
8.144996 
g-153952 

8.162727 

8.171328 

8.179763 

8.188036 

8.196156 


9.999944 

9-999942 

9.999940 

9.999938 

9.999936 

9-999934 


8.204126 

8.211953 

8.21964 

8.227195 

8.23462 

8.242922 


1 1-934I94 
11.923469 
1 1. 9 1 3003 
u.902783 
1 1.892798 
u. 883037 
11.873490 
1 1.864149 
1 1.855004 
1 1 .846048 

1 1^37273 

1 1.828672 
1 1.820237 
11.81196, 

1 1.803844 

7T795874 

1 1.788047 
11.780359 
1 1.772805 
11.765379 
11.758078 

T  angent 


1 0.000046 
10.000048 
10.000050 
10.000052 
10.000054 

10.000036  1 1.795930 
10.000058  11.788105 
10.000060  11.780419 
10.000062  11.772866 
10.000064  1 1.765443 
10.000066  1 1.758145 

Secant 


89  Degrees 


[Minutes' 


Jfji 


I  r 


(  360  )  A  Table  of  Artificial  Sines, 


i  Degree. 

1  Minutes 

Sine 

Tangent 

Secant 

0 

8.241855 

9-999934 

8.241921 

11.758079 

10.000066 

11.758145 

6 

1 

8.249033 

9.999932 

8.249102 

1 1.750898 

10.000068 

1 1.750967 

5 

2 

8.256094 

9.999929 

8.256165 

”•743835 

10.000071 

n. 743906 

5 

3 

8.263042 

9.999927 

8.263115 

11.736885 

10.000073 

11. 736958 

5 

4 

8.269881 

9.999925 

8.269956 

u.730044 

10.000075 

u-73oii9 

5 

5 

8.276614 

9.999922 

8.276691 

11.723309 

10.000078 

11.723386 

5 

6 

8.283243 

9-9999 20 

8-283323 

1 1.716677 

10.000080 

11.716757 

5 

7 

3.289773 

9.999917 

8.289856 

1 1.710144 

10.000082 

1 1. 710227 

5 

8 

8.296207 

9.999915 

8.296292 

1 1.703708 

10.000085 

11.703793 

5 

9 

8.302546 

9.9999 1 2 

8.302633 

11.697367 

10.000087 

u. 697454 

5 

10 

8.308794 

9.999910 

8.308884 

1 1.691 1 16 

10.000090 

1 1.691206 

5 

1 1 

8.314954 

9.999907 

8-3 15°45 

1 1.684954 

10.000093 

II. 685046 

4 

12 

8.321027 

9.999905 

8.321122 

1 1.678878 

10.000095 

11.678973 

4- 

13 

8.327016 

9.999902 

8.327114 

1 1.672886 

10.000098 

1 1.672984 

•1- 

'4 

8.332924 

9.999899 

8-333°25 

1 1.666975 

IO.OOOIOI 

1 1.667076 

4 

!5 

8-338753 

9.999897 

8.338856 

11.661144 

10.000103 

11.661247 

4 

1 6 

8.344504 

9.999894 

8.344610 

n.655389 

1 0.0001 06 

1 1.655496 

4 

»7 

8.350180 

9.999891 

8.350289 

1 1.649710 

10.000109 

1 1.649819 

4- 

18 

8-355783 

9.999888 

8-355895 

11.644103 

10.0001 12 

1 1.644216 

4 

!9 

8.361315 

9.999885 

8.361430 

11.638570 

10.0001 15 

I 1.638685 

4 

20 

3.366777 

9.999882 

8.366894 

11.633105 

10.0001 18 

11.633223 

4 

21 

8-372I7I 

9.999879 

8-37229 1 

1 1.627708 

10.0001 21 

1 1.627829 

3' 

22 

3-377499 

9.999876 

8.377622 

1 1.622378 

10.000124 

1 1.622501 

3 

23 

8.382762 

9-99987 3 

8.382889 

11. 617m 

10.000127 

11.617238 

3 

24 

8.387962 

9.999870 

8.388092 

1 1.61 1908 

10.000130 

1 1.612038 

3 

25 

8.393101 

9.999867 

8-393234 

1 1.606766 

10.000133 

1 1.606899 

3 

26 

8.398179 

9.999864 

8-3983 15 

1 1.601685 

10.000136 

1 1.601821 

3 

27 

8.403199 

9.999861 

8-403338 

11.596662 

10.000139 

1 1.596801 

3: 

28 

8.408161 

9.999858 

8.408304 

1 1.591696 

10.000142 

1 1  -59 1 839 

3' 

29 

8.413068 

9.999854 

8-41 32 1 3 

1 1.586787 

10.000146 

11.586932 

3 

3° 

8.417919 

9-999851 

8.418068 

n.581932 

IO.OCOI49 

1 1.582081 

3' 

Sine 

Tangent 

Secant 

s 

5 

c : 

8 

88  Degrees. 

■ 

Tangents,  and  Secants,  (  361  ) 

1  Degree. 

1  w 

S 

3 

C 

ft 

ct> 

V) 

3° 

31 

32 

33 

34 

35 

36 

37 

38 

39 

Sine 

Tangent 

Secant 

8.4179x9 

8.42Z717 

8.427462 

8.432156 

8.436800 

9.999851 

9.999848 

9.999844 

9.999841 

9.999838 

8.418068 
8.422869 
8.427618 
8-4323 !5 

8.436962 

11.581932 

11.577131 

1 1.572382 
11.567685 
11.563038 

10.000149 

10.000152 

10.000156 

10.000159 

10.000162 

1 1.582081 
”.577283 
”.572538 
11.567844 
1 1.563200 

3° 

29 

28 

27 

26 

2S 

24 

23 

22 

21 

8.441394 
8.445941 
8.45  0440 
8.454893 
8.459301 

9.999834 

9.999831 

9.999827 

9.999823 

9.999820 

8.441560 
8.4461 10 
8.450613 
8.455070 
8.459481 

11.558440 

11.553890 

”•549387 

11.544930 

11.540519 

10.000166 
10.000169 
10.000173 
10.0001 77 
10.000180 

1 1.558606 
11.554059 
1 1.549560 
1 1.545 107 
1 1.540699 

40 

41 

42 

43 

44 

8.463665 

8.467985 

8.472Z63 

8.476498 

8.480693 

9.999816 

9.999812 

9.999809 

9.999805 

9.999801 

8.463849 

8.468172 

8.472454 

8.476693 

8.480892 

11.536151 

1 1.531827 
11.527546 
11.523307 
1 1.5 19108 

10.000184 

10.000188 

10.000191 

10.000195 

10.000199 

”•536335 

1 1. 532015 

”-527737 
1 1.523502 

”-5I93°7 

20 

19 

18 

lz 

16 

*5 

•4 

13 

12 

1 1 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

45 

46 

47 

48 

49 

5° 

5 1 

52 

53 

54 

8.484848 

8.488963 

8.49304° 

8.497078 

8.501080 

9.999797 

9-99979 3 
9.999790 
9.999786 
9.999732 

8.485051 

8.489170 

8.493250 

8.497293 

8.501298 

11.514949 
1 1.510830 
1 1.506750 
1 1.502707 
1 1.498702 

10.000Z03 

10.000207 

10.000210 

10.000214 

10.000218 

11.515152 
11.511037 
1 1.506960 
1 1.502922 
1 1.498920 

8.505045 
8.508974 
8.512867 
8.5 167Z6 
8.520551 

9.999778 

9-999774 

9.999769 

9.999765 

9.999761 

8.505267 
8.509200 
8.5 13098 
8.516961 
8.520790 

”•494733 
1 1.490800 
11.486902 
11.483039 
n. 479210 

10.000222 

10.000226 

10.000231 

10.000235 

10.000239 

11.494955 
1 1.491026 

”-487!33 
11.483274 
u. 479449 

55 

i56 

57 

5« 

59 

60 

8.-524343 

8.528102 

3.531828 

8-535523 

8.539186 

8.542819 

9-999757 

9-999753 

9.999748 

9.999744 

9.99974c 

9-999735 

8.524586 

8.528349 

8.532080 

8-535779 

3.539447 

8.543084 

”.475414 
1 1.471651 
1 1.467920 
U.464Z21 
11.460553 
1 1.456916 

10.000243 

10.000247 

10.000252 

10.002256 

10.000260 

10.000265 

11.475657 
1 1.471898 
11.468172 
11.464477 
11.46081^ 
1 1.457181 

Sine 

T  angent 

Secant 

s 

5 

S3 

i-t 

rs 

on 

88  Degrees. 

*J« 


(  362  ) 


A  Table  of  Artificial  Sines, 


2  Degrees. 


1199 


8.5428 
8.546422 
8.549995  9 

8-553539  9 
8 - 5 5 7 0 5 4 9-9997 8-5S7336 


5  8.560540  9 
8.5639999 
S.56743 1 
8.57083 
8.57421 


9 

10 

11 

12 

i 

H 

1 

10 
1 

1 

l9 


20 


21 


22 


Sine 


•999735 

9-999731 

999727 

999722 


69.9996998.571137 

49.9996948.57452° 


8.577566 

8.580892 

8-584*93 

38.587469 

8.590721 


9.999685 
9.999680 
9.999675 
9  99967o 


5  s-593948 

8.597152 

7  8.600332 

8  8.603489 
8.606623 


24 


8.609734 
8.612823 
8.615891 
23  8.618937 
8.621962 
8.624965 
8.627948 
8.63091 1 
8.633854 
29  8.6367 
8.629680 


30 


769 


9997D 

.999708 

9.999704 


9.999689  8.577877 


9.999650 

9-99964S 

9.999640 

9-999635 

9.999629 


9.999619 


9.999608 


Fangent 


8.543084 

8.546691 

8.550268 

8-5538i7 


8.560828 

8.564291 

8.567727 


8.581208 

8.584514 

8.587795 

8.591051 


9.999665  8.594283 
9.999660  8.597492 


9.999655  8.600677 


8.603839 

8.600978 

$.610094 


^.613189 

8.616262 


9.9996248.619313 


8.622343 


9,9996148.625352 


8.628340 


9.999603  8.631308 
9.999597  8.634256 


999592 

9-999587 


Sine 


8.637185 

8.640093 


Secant 

1 1.456916 

10.000265 

1 1.457181 

00 

; 

"•453309 

10.000269 

11.453578 

59 

1; 

1 1.449732 

10.000273 

1 1.450005 

58 

l 

1 1. 440183 

10.000278 

1 1 .44646 1 

57 

1 1 .442664 

10.000283 

1 1.442946 

56 

' 

j 

u.439172 

10.000287 

11.439460 

55 

11.435709 

10.000292 

1 1.436001 

54 

jj 

11.432273 

10.000296 

1 1.432569 

53 

1 1.428863 

10.000301 

1 1.429164 

5  2 

1 1.425480 

10.000306 

1 1.425786 

5i 

II. 422123 

10.000311 

1 1.422434 

5° 

0 

11.418792 

10.000315 

1 1 .419108 

49 

; 

1 1.415486 

10.000320 

1 1.415807 

48 

r 

1 1.412205 

10.000325 

ii-4I253i 

47 

! 

1 1 .408949 

10.000330 

1 1.409279 

46J 

11.405717 

10.000335 

1 1 .40605  2 

45 

1 1.402508 

10.000340 

1 1.402848 

44 

) 

1 1  -3993  23 

10.000345 

1 1.399668 

43 

1 1.396161 

10.00035c 

1 1. 3905 1 1 

42 

s 

11.393022 

10.000355 

"•393377 

41 

1 1.389906 

10.00036c 

1 1.390266 

40 

: 

1 1.38681 1 

10.000365 

11.387177 

39 

1 

1  !-383738 

10.000371 

1 1.384109 

38 

: 

11.380687 

10.000376 

11.381063 

37 

; 

11.377657 

10.000381 

11.378038 

36 

t. 

11.374648 

10.000386 

"•375°35 

35 

1 1.371660 

10.000392 

11.372052 

34 

) 

1 1.368692 

10.000397 

1 1.369089 

33 

11.365744 

10.000403 

1 1.366146 

32 

! 

1 1.362815 

10.000408 

11.363224 

3 1 

: 

u. 359907 

10.000413 

11.360320 

3° 

: 

Tangent 

Secant 

|  Minutes 

87  Degrees. 


•  I 


Tangents,  and  Secants.  (  363  ) 


2  Degrees. 


g’  Sine 

if? 

Tangent 

Secant 

30  8.639680 

51  8.642563 

52  8.645428 
153  8.648274 
34  8.65 1 102 

9.999586 

9.99958! 

9-999575 

9.99957° 

9.999564 

8.640093 

8.642982 

3.645853 

8.648704 

8.651538 

1 1-3599°7 
11.357018 

**•354*47 

11.351296 

1 1.348462 

10.000414 

10.000419 

10.000425 

10.000430 

10.000436 

1 1.360320 

1 1  -357437 
"•35457s 

1 1.351726 

1 1.348898 

3° 

29 

28 

2 

35  8.653911 

36  8.656702 

37  «-659+75 

38  8.662230 

39  8.664968 

9.999558 

9-999553 

9-999547 

9.999541 

9-999535 

8.654352 

8.657i49 

8.659928 

8.662689 

8.665433 

1  *.345648 
11.342851 

1 1.340072 

**-3373** 

*  *-334S67 

10.000442 

10.000447 

10.000453 

10.000459 

10.000465 

11.346089 

11.343298 

**.340535 

"•33777° 

"•335°32 

25 

24 

23 

22 

21 

40  8.667689 

41  8.670393 

42  8.673080 

43  ^*^7 5 75 1 

448.678405 

9.999529 

9.999524 

9.999518 

9.999512 

9.999506 

8.668160 

8.670870 

8.673563 

8.676239 

8.678900 

1 1.331840 
11.32913° 
1 1-326437 
n. 323761 
1 1. 321 100 

10.000471 

10.000476 

10.000482 

10.000488 

10.000494 

11:332311 

1 1.329607 
1 1.326920 
11.324249 

"•32I595 

20 

l9 

18 

*7 

16 

*5 

u. 

13 

12 

1 1 

45  8.681043 

46  8.683665 

47  8.686272 

48  8.688863 

49  8.691438 

9.99950° 

9.999494 

9.999487 

9.999481 

9-999475 

8.681544 

8.684172 

8.686784 

8.689381 

8.691963 

11.318456 
1 1.315828 
11.313216 
11.310618 
1 1.308037 

10.000500 

10.000506 

10.000513 

10.000519 

10.000525 

**•3*8957 
"•3l6335 
11.313728 
11.311137 
1 1.308562 

:o  8.693998 

31  8.696543 

32  8.699073 
>3  8.701589 
54  8.704090 

9.999469 

9.999462 

9.999456 

9.999450 

9.999444 

8.694529 

8.697081 

8.699617 

8.702139 

8.704646 

11.305471 
u. 302919 
11.300383 
1 1.297861 
11.295354 

10.000531 

10.000538 

10.000544 

10.000550 

10.000556 

1 1.306002 

"•3°3457 
1 1.300927 
1 1.29841 1 
11.295910 

10 

9 

8 

7 

6 

55  3.706577 

56  8.709049 

57  8.711508 

58  8.713952 

59  8.716383 
, 90  8.71880c 

9-999437 
9.999431 
9.999424 
9.999418 
9-99941 1 
9.999404 

8-7°7i39 

8.709619 

8.712083 

8-7*4535 

8.716972 
^•7 1 9396 

1 1.292861 
1 1.290381 
11.287917 
11.285465 
11.283028 
1 1.280605 

10.000563 

10.000569 

10.000576 

10.000582 

10.000589 

10.000596 

11.293423 
1 1.290951 
11.288492 
1 1.286048 
1 1.283617 
1 1.28120c 

5 

4 
3 
2 

1 

c 

5 

1  ^ 

1  0* 

Sine 

Tangent 

Secant 

87  Degrees. 


(  364  ) 


A  Table  of  Artificial  Sines, 


3  Degrees. 


Minutes 

Sine 

Tangent 

Secant 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

8.718800 

8.721204 

s-723595 

8.725972 

^•728337 

9.999404 

9.999398 

9-999391 

9.999384 

9-999378 

8.719396 

8.721806 

8.724203 

8.726588 

8.728959 

n.  28060/ 

1 1.278194 
1 1  -275797 
11.273412 
1 1.271041 

10.000596 

10.000602 

10.000609 

10.000616 

10.000622 

8.730688 

8.733027 

^-7  35353 
8.737668 
8.739969 

9-999371 

9.999364 

9-999357 

9.999350 

9-999343 

8-73I3I7 

S.733663 

8.735996 

8.738317 

8.740626 

1 1.268683 
11.266337 
1 1.264004 
n. 26 1 683 
11.259374 

10.000629 

10.000636 

10.000643 

10.000650 

10.000657 

10 

1 1 

12 

•3 

H 

*5 

16 

17 

18 

]9 

20 

21 

22 

23 

24 

8.742259 

8.744536 

8.746802 

8.749055 

8*75I297 

9“6>99336 

9.999329 

9.999322 

9-9993 1 5 
9.999308 

8.742922 

8.745207 

8.747479 

8.749740 

8-75*989 

11.257078 

11.254793 

1 1. 252521 

1 1.250260 
1 1.24801 r 

10.000663 

10.000671 

10.000678 

10.000685 

10.000692 

8.753528 

8-755747 

8-757955 

8.760151 

8-762337 

9-9993°i 

9.999294 

9.999286 

9.999279 

9.999272 

8.754227 

8-75645  3 
8.758668 
8.760872 
8.763065 

8.765246 

8.767418 

8.769578 

8-77i727 

8.773866 

1  * .245773 

u-243547 

1 1. 241332 

1 1.239128 
11.236935 

10.000699 

10.000706 

10.000714 

10.000721 

10.000728 

8.76451 1 
8.766675 
8.768827 
8.770970 
8.773101 

9.999265 

9.999257 

9.999250 

9.999242 

9-999235 

n.234754 
u. 232582 

1 1.230422 

1 1.228273 

1 1.226134 

10.000735 

10.000743 

10.000750 

10.000758 

IQ. OOO765 

26 

27 

28 

29 

3f> 

8.775223 

8-777333 

8-779434 

8.781524 

8.783605 

8.785675 

9.999227 

9.999220 

9.999212 

9.999205 

9.999197 

9.999189 

8-775995 

8.7781 14 
8.780222 
8.782320 
8.784408 
8.786486 

1 1.224005 

1 1.221886 

1 1.219778 

1 1.217680 

1 1.215592 
11.213514 

IO.OOO773 
IO.OOO780 
IO.OOO788 
IO.OOO795 
IO.OO0803 
IO.OOO81 1 

Sine 

Tangent 

1 

1 1.281200 
1 1.278796 
1 1.276405 
1 1.274028 
1 1.271663 


11.269312 
1 1.266973 
1 1.264647 
1 1.262332 


n. 257741 


1 1.255464  49 


11.250945 

11.248703 


I  !. 244253 


6oi 

59! 

58. 

57 

56; 

55c 

54! 

53 

52 

5i 


5° 


48 

47 

4^ 

45 

44 

43 

4? 

41 

40 

39 

3« 

37 

36 


Secant 


35 

34 

33 

32 

3i 

30 


86  Degrees. 


Tangents,  and  Secants. 


(  3%  ) 


3  Degrees. 


Sine 

r* 

a 

(Co 

Tangent 

Secant 

[508.785675 
JI  8.787736 
528.789787 
13  8.791828 
348.793859 

9-999*89 

9.999181 

9.999174 

9.999166 

9-999*58 

8.786486 

8.788554 

8.790613 

8.792662 

8.794701 

**•2*35*4 
11.211446 
11.209387 
11.207338 
1 1.205299 

1 0.0008 1 1 
10.000819 
10.000826 
10.000834 
10.000842 

1 1. 214325 

1 1.212264 
1 1. 210213 
u. 208172 

1 1.206141 

15  8.795881 
568.797894 
>78.799897 

58  8.801892 

59  8.803876 

9.999150 
9-999 1 4^ 
9-999*34 
9.999126 

9.999118 

8.79673* 

8.798752 

8.800763 

8.802765 

8.804758 

n. 203269 

1 1.201248 
11. 199237 
*1.197235 

1 1.195242 

10.000850 

10.000858 

10.000866 

10.000374 

10.000882 

11.2041 19 
1 1.202106 
1 1. 200103 
11.198108 
1 1.196124 

(.0  8.805852 
(.i  8.807819 
.2  8-809777 
53  8. 811726 
14  8.813667 

9.999110 

9.999102 

9.999094 

9.999086 

9.999077 

8.806742 

8.808717 

8.810683 

8.812641 

8.814589 

11.193258 
1 1.191283 
11.189317 
11.187359 

1 1.18541 1 

10.000890 

10.000898 

10.000906 

10.000914 

10.000923 

1 1.194148 
1 1.192181 

1 1.190223 
1 1.188274 
11.186333 

is  8.815598 

.6  8.817522 
17  8.819436 
188.821343 
:g  8.823240 

9.999069 

9.999061 

9.999052 

9.999044 

9.999036 

8.816529 

8.818461 

8.820384 

8.822298 

8.824205 

11.18347* 

1 1.181539 
1 1.179616 
1 1. 177702 
11.175795 

10.00093 1 
10.000939 
10.000948 
10.000956 
10.000964 

1 1.184402 
1 1.182478 
11.180564 
1 1.178657 
1 1.176760 

'o  8.825130 

1 1  8.82701 1 
■2 8.828884 
',3  **.830749 
54  8.832607 

9.999027 

9.999019 

9.999010 

9.999002 

9.998993 

8.826103 

8.827992 

8.829874 

8.831748 

8-833613 

u. 173897 
1 1.172008 
1 1.170126 

11.168252 

11.166387 

10.000973 

10.000981 

10.000990 

10.000998 

10.001007 

1 1.174870 
1 1.172989 
11.171116 
u.  16925 1 
ii. 167393 

558.834456 
\6  8.836297 
57  8.838130 
;8  8.839956 
[9  8.841774 
56  8.843584 

9.998984 

9.998976 

9.998967 

9.998958 

9.998950 

9.99894* 

8.83547! 

8.837321 

8.839163 

8.840998 

8.842825 

8.844644 

1 1.164529 
1 1.162679 
11.160837 
n. 159002 

**•*57*75 
n. 155356 

10.001016 

10.001024 

10.001033 

10.001042 

10.001050 

10.001059 

*  1.165544 
*1.163703 
1 1.161870 
1 1.160044 
1 1.158226 
1 1.156416 

Sine 

Tangent 

Secant 

3° 

29 

28 

27 

26 

2? 

24 

23 

22 

21 

20 

*9 

18 

*7 

16 

*5 

14 

13 

12 
1 1 

10 

9 

8 

7 

J> 

5 

4 

3 

2 

1 

o 


86  Degrees. 


/ 

I 


(  3 66  )  A  Table  of  Artificial  Sines, 

4  Degrees. 

§ 

3 

c 

rr 

ft 

to 

o 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Sine 

Tangent 

Secant 

60 

59 

58 

57 

56 

55 

54 

53 

5Z 

Si 

5° 

49 

48 

45 

44 

43 

42 

4‘ 

4° 

39 

38 

36 

35 

34 

33 

32 

3: 

3° 

1 

B 

c 

a 

8.843585 

8.845387 

8.847183 

8.848971 

8.850751 

9.998941 

9.998932 

9.998923 

9-9989H 

9.998905 

8.844644 
8.846455 
8.848260 
8.850057 
8.85 1846 

u. 155356 

1 1-I53545 

1 1.15 1740 
1 1. 1 49943 
11.148154 

10.001059 

10.001068 

10.001077 

10.001086 

10.001095 

i 1.156415 

11.154613 

1 1.152817 
1 1. 15 1029 
1 1. 1 49249 

8.852524 

8.854291 

8.856049 

8.857801 

8-859546 

8.861283 

8.863014 

8.864738 

8.866455 

8.868165 

9.998896 

9.998887 

9.998878 

9.998869 

9.998860 

8.853628 

8.855403 

8.857171 

8.858932 

8.860686 

1 1.146372 
1 1. 144597 

1 1.142829 

1 1.141068 
II-I393I4 

10.001 104 
10.001 1 13 
10.001 122 
10.001 131 
10.001 140 

n.  1 47476 
1 1.145709 

1 1 • 1 4395 1 

1 1.142199 
1 1. 140454 

10 

1 1 

12 

13 

14 

J5 

16 

•7 

1 8 

>9 

9.998851 

9.998841 

9.998832 

9.998823 

9.998813 

8.862433 
8.864173 
8.865905 
8.867632 
8.86935 1 

u. 137567 
1 1.135827 
11.134095 

1 1.132368 
1 1.130649 

10.001 149 
10.001 159 
10.001168 
10.001 177 
10.001 187 

11.138717 
1 1.136986 
1 1.135262 

”•133545 
11. ^1835 

8.869868 

8.871565 

8.873255 

8.874938 

8.876615 

9.998804 

9.998795 

9.998785 

9.998776 

9.998766 

8.871064 
8.872770 
8.874469 
8.876162 
S. 877849 

11. 128936 
II. 127230 
1 1. 125531 

1  KI23838 
11.122151 

10.001 196 
10.001205 
10.001215 
10.001224 
10.001234 

11.130132 
1 1.128435 
1 1.126745 
1 1.125062 
11.123385 

20 

21 

22 

23 

24 

2  5. 

26 

27 

28 

29 

30 

8.878285 

8.879949 

8.881607 

8.883258 

8.884903 

9.998757 

9.998747 

9-99s737 

9.998728 

9.998718 

8.879529 

8.881202 

8.882869 

8.884530 

8.886185 

1 1. 1 2047 1 

1 1. 1 18798 
11.117131 
11. 1 15470 
11. 113815 

10.001243 

10.001253 

10.001262 

10.001272 

10.001282 

11.121715 
1 1. 1 20051 
11.118393 
11.116742 
11.115097 

8.886542 

8.888174 

8.889801 

8.891421 

8.893035 

8.894643 

9.998708 

9.998699 

9.998689 

9.998679 

9.998669 

9.998659 

8.887833 
8.889476 
8.891 1 12 
8.892742 
8.894366 
8.895984 

11. 1 12167 
11. 110524 
ii. 108888 
11.107258 
1 1.105634 
11.104016 

10.001292 
10.001301 
10.0013 11 
10.001321 
10.001331 
10.001341 

11.113458 
11. 111826 
11.110199 
1 1.108579 
1 1.106965 
n. 105357 

Sine 

T  angent 

Secant 

85  Degrees. 

. 

'j 


Tangents,  and  Secants.  (  367  j 


4  Degrees* 


‘Minutes 

Sine 

Tangent 

Secant 

3° 
3 1 

,3  2 

33 

34 

8.894643 

8.896245 

8.897842 

8.899432 

3.901017 

9.998659 

9.998649 

9.998639 

9.998629 

9.998619 

8.895984 

8.897596 

8.899203 

8.900803 

8.902398 

1 1.104010 

1 1. 102404 
1 1.100797 
11.099197 

1 1.097602 

10.001341 
10.00135 1 
10.001361 
10.001371 
10.001381 

11.105357 

11.103754 

11.102158 

1 1.100568 

1 1.098983 

3° 

29 

28 

27 

26 

'35 
3  6 

37 

38 
,39 

8.902596 

8.904169 

8.003736 

8.907297 

8.908854 

9.998609 

9.998599 

9.998589 

9.998578 

9.998568 

8.903987 

3.90557° 

8.907147 

8.908719 

3.910285 

1 1.096013 
11-09443° 
11.092853 
u. 09 128 1 

1 1.089715 

10.001391 

1 0.00 1 40 1 
10.00141 1 
10.001422 
10.001432 

1 1.097404 
1 1.095831 

1 1.094264 
1 1.092703 
1 1.09 1146 

25 

24 

23 

22 

21 

20 

J9 

18 

!I 

4° 

4! 

i-j.2 

43 

44 

45 

46 

47 

48 

49 

50 

51 

5 2 

53 

54 

8.910404 
8.91 1940 
8.913488 
8.915022 
8.916550 

9.998558 

9.998548 

9-998537 

9.998527 

9.998516 

8.91 1846 
8.913401 
8.914951 
8.916495 
8.918034 

1 1.088154 
1 1.08659 9 
1 1.085049 
11.083505 

1 1.081966 

10.001442 

10.001452 

10.001463 

10.001473 

10.001484 

1 1.089596 
11.088051 

1 1.0865 12 
1 1.084978 
1 1.083450 

8.918073 

S-9I9591 
8.921 103 
8.92261 1 
8.9241 12 

9.998506 

9.998495 

9.998485 

9.998474 

9.998464 

S.919567 

8.921096 

8.922619 

8.924136 

8.925649 

1 1.080432 
u. 078904 
11.077381 

1 1.075S64 
u.074351 

10.001494 
10.001505 
10.0015 15 
10.001526 
10.001536 

1 1.081927 
1 1.080409 
1 1.078897 
n. 077389 
1 1.075888 

lS 

*4 

J3 

12 

1 1 

8.925609 

8.927100 

8.928587 

8.930068 

8-93 1 544 

9.998453 
9.998442 
9.998431 
9.99842 1 
9.998410 

8.927156 

8.928658 

8.93oi55 

8.93i647 

3-933 1 34 

1 1.072844 
11. 071342 
1 1.069845 
1 1.068353 
1 1.066866 

10.001547 

10.001558 

19.001569 

10.001579 

10.001590 

1 1. 07439 1 
1 1.072900 
1 1.071413 
1 1.069932 
1 1.068456 

io- 

! 

9 

35 

S6 

57 

?s 

59 

t>o 

8-93  3° 1 5 
8.934481 
8.935942 
8.937398 
8.938850 
8.940296 

9.998399 

0.008388 

9-998377 

Q.QQ8366 

9.998355 

9-998344 

8.934616 

3.936093 

8.937565 

8.939032 

8.940494 

8.941952 

1 1.065384 
1 1.063907 
1 1.062435 
11.060968 
1 1.059506 
1 1.058048 

10.001601 
10.00161 2 
10.001623 
10.001634 
10.001645 
10.001656 

1 1.066985 
1 1.0655 19 
1 1.064058 
1 1.062602 
1 1.061 150 
1 1.059704 

5 

4 

3 

2 

1 

0 

Sine 

Tangent 

Secant 

§ 

cs 

0 

85  Degrees. 


(  368  )  A  Table  of  Artificial  Sines, 

5  Degrees. 

S 

£2 

rt 

ct> 

CD 

Sine 

Tangent 

Secant 

O 

1 

2 

3 

4 

5 

6 

7 

8 

9 

8.940296 

8.941738 

8.943174 

8.944606 

8.946034 

9.998344 

9-998333 

0.008522 

9.998311 

9.99830° 

8.941952 

8.943404 

8.944852 

8.946295 

8-947734 

1 1.058048 
11.056596 
1 1.055  !48 

1 1.053705 

1 1.052266 

10.001656 

10.001667 

10.001678 

10.001689 

10.001700 

11.059704 

1 1.058262 

1 1.056826 

n.°55394 

1 1.053966 

60 

59 

58 

5^ 

55 

54 

53 

52 

51 

5° 

JS 

47 

46 

45 

44 

43 

42 

11 

40 

39 

38 

37 

36 

35 

34 
33 
32 

35 
30 

I 

r 

0) 

00 

8.947456 
8.948874 
8.950287 
8.95 1696 
8.95310° 

9.998289 

9.998277 

9.998266 

9-9982S5 

9.998243 

8.949168 

8.950597 

8.952021 

8.953441 

8.954856 

1 1.050832 

1 1.049403 
n. 047979 
11.046559 
11.045144 

10.00171 1 
10.001723 
10.001734 
10.001745 
10.001757 

1 1.05Z544 
1 1.05 1126 
11.049713 

1 1.048304 
1 1 .046900 

10 

1 1 

12 

13 
*4 

8.954499 

8.955894 

8.957284 

8.958670 

8.960052 

9.998232 

9.998220 

9.998209 

9.998197 

9.998186 

8.956267 

8.957673 

8.959075 

8.960473 

8.961866 

1 1-°43733 

1 1.042327 
1 1.040925 

11-039527 

11.038134 

10.001768 

10.001780 

10.001791 

10.001803 

10.001814 

1 1. 045501 

1 1.044106 
1 1.042716 
11.041330 
11.039948 

16 

*7 

18 

19 

8.961429 

8.962801 

8.964170 

8-9$5534 

8.906893 

9.998174 

9.998163 

9.998151 

9.998139 

9.998127 

8.963254 

8.964639 

8.966019 

8.967394 

8.968766 

1 1.036746 
H-035361 

1 1  -°3398 1 
1 1.032606 
11-031234 

10.001826 

10.001837 

10.001849 

10.001861 

10.001873 

11.03857! 

11.037199 

1  i-°3S830 
1 1.034466 
11.033107 

20 

21 

22 

23 

24 

8.968249 

8.969600 

8.970947 

8.972289 

8.973628 

9.9981 16 
9.998104 
9.99809Z 
9.998080 
9.998068 

8-97oi33 

8.971496 

8.972855 

8.974209 

8.97556° 

1 1.029867 
1 1.028504 
1 1.027145 
1 1.025791 
1 1.024440 

10.001884 

10.001896 

10.001908 

10.001920 

10.001932 

ii.o3i75i 
1 1.030400 
11.029053 
1 1.02771 1 
1 1.026372 

25 

26 

27 

28 

29 

30 

8.974962 

8.976293 

8-9776l9 

8.978941 

8.980259 

8.981573 

9.998056 

9.998044 

9.998032 

9.9980Z0 

9.998008 

9.997996 

8.976906 
8-978248 
8.979586 
8.980921 
8.98225 1 
8-983577 

1 1.023094 
11.021752 
1 1. 020414 
1 1. 019079 
n. 01 7749 
1 1.016423 

10.00194;. 

10.001956 

10.001968 

10.001980 

10.001992 

10.002004 

1 1.025038 
1 1.02370 7 
1 1.022381 
1 1.021059 

1 1.019741 

1 1.018427 

Sine 

. 

Tangent 

Secant 

84  Degrees. 

_ . _ _ _ _ _  * 

Tangents,  and  Secants.  (  369  ) 

5  Degrees.  - 

Sine 

Tangent 

Secant 

8*98i573 

8.982883 

8.9841 89 
8.985491 
18.986789 

9.997996 

9.997984 

91997972 

9*997959 

9*997947 

8*983577 

8.984899 

8.986217 

8*987532 

8.988842 

1 1.016423 
11.015101 
11*013783 
1 1.012468 
11.011 158 

10.002004 

10.002016 

10.002028 

10.002041 

10.002053 

u. 018427 
11.017117 
1 1.01581 1 
11.014509 
1 1.01321 1 

3° 

29 

28 

27 

26 

25 

24 

23 

22 

21 

'8.988083 

,8.989374 

8.990660 

8.991943 

8.993222 

9*997935 

9.997922 

9.997910 

9.997897 

9.997885 

8.990149 

8*99i451 

8.992750 

8.994045 

8*995337 

1 1.00985 1 
1 1.008549 
1 1.007250 
11.005955 
1 1 .004663 

10.002065 
10.002078 
10.002090 
10.002103 
10.0021 15 

u.oi  1917 
11^010626 
1 1.009340 
1 1.008057 

1 1.006778 

8.994497 

8.995768 

£.997036 

8.998299 

8.999559 

9*997^73 

9.997859 

9.997847 

9*997^35 

9.997822 

8.996624 

8.997008 

8.999188 

9.000465 

9.001738 

1 1.003376 
1 1.002092 
1 1.000812 
10.999535 
10.998262 

10.002127 

10.002141 

10.002153 

10.002165 

10.002178 

1 1.005503 
n. 004232 
1 1.002964 
1 1 .001701 
1 1.000441 

20 

*9 

18 

J7 

16 

9.000816 

9.002069 

9.003318 

9.004563 

9.005805 

9.997809 

9.997797 

9.997784 

9.997771 

9.997758 

9.003007 

9.004272 

9.005534 

9.006792 

9.008047 

10.996993 

10.995728 

10.994466 

10.993208 

10.991953 

IO.OO219I 
10.002203 
10.002216 
ro. 002229 
10.002242 

10.999184 

10.997931 

10.996682 

IO*9954 37 
10.994195 

*5 

J4 

13 

12 

1 1' 

9.007044 
9.008278 
9.0095 10 
9.010737 
9.01 1962 

9*997745 
9*9977  32 
9.997719 
9.997706 
9*997693 

9.009298 
9.010546 
9.01 1790 

9*OI3°3I 

9.014268 

10.990702 

10.989454 

10.988210 

10.986969 

i°*985732 

10.002255 

10.002268 

10.002281 

10.002294 

10.002307 

10.992956 

10.991722 

10.990490 

10.989263 

10.988038 

10 

9 

8 

7 

6 

9.013182 

9.014400 

9.015613 

j9.oi6824 

'9.018031 

9*OI9235 

9.997680 

9.997667 

9.997654 

9.99764! 

9.997628 

9.997614 

9.015502 

9.016733 

9.017959 

9*oi9i83 

9.020403 

9.021620 

10.984498 

10.983267 

10.982041 

10.980817 

10.979597 

10.978380 

10.002320 

10.002333 

10.002346 

10.002359 

10.002372 

10.002386 

10.986818 

10.985600 

10.984387 

10.983176 

10.981969 

10.980765 

5 

4 

3 

2 

1 

0 

Sine 

Tangent 

Secant 

§ 

5 

G 

rt 

a 

84  Degrees. 

A  a 


(  37°  )  A  Table  of  Artificial  Sines, 


6  Degrees. 


¥ 

B 

e 

to 

co 

Sine 

Tangent 

Secant 

6 

y 

5'-' 

5< 

5l 

5.- 

5- 

S. 

5 

r 

F*' 

4' 

4f 

4: 

i' 

4: 

4' 

4: 

4: 

4> 

0 

1 

2 

3 

4 

9-OI9235 

9.020435 

9.021632 

9.022825 

9.024016 

9.9976 1 4 
9.997601 
9.997588 

9*997574 

9.997561 

9.021620 
9.022834 
9.024044 
9.02525 1 
9.026455 

10.978380 

10.977166 

10.975956 

10.974749 

IO-973545 

10.002386 
10.002399 
10.002412 
xo. 002426 
10.002439 

10.9S0765 
1 0.979565 
10.978368 

IO-977 1 75 
IO-975984 

5 

6 

7 

8 

9 

9.025203 

9.026386 

9.027567 

9.028744 

9.02991S 

9-997547 

9-997534 

9.997521 

9.997507 

9-997493 

9.027655 

9.028852 

9.030046 

9.031237 

9.032425 

IO-972345 
10.971 148 
10.969954 
10.968763 
10.967575 

10.002453 

10.002466 

10.002479 

10.002493 

10.002507 

r  0.974797 
10.973614 
10.972433 
10.971256 
10.970082 

10 

1 1 

12 

*3 

H 

16 

*7 

18 

*9 

9.031089 

9.032257 

9.033421 

9.034582 

9*°35741 

9.99748c 
9.997466 
9 -99745  2 
9-997439 
9.997425 

9.033609 

9-034791 

9.035969 

9.037144 

9.038316 

10.966391 

10.965209 

10.964031 

10.962856 

10.961684 

10.002520 

10.002534 

10.002548 

10.002561 

10.002575 

10.96891 1 
10.967743 
10.966579 
10.965418 
10.964259 

9.036896 

9.038048 

9.039197 

9.°4°342 

9.041485 

9.99741 1 
9-997397 

9-997383 

9-997369 

9-997355 

9.039485 
9.04065 1 
9.041813 
9.042973 
9-04413° 

10.960515 

lo-959349 
10.958187 
10.957027 
1 0.95*5  870 

10.002589 

10.002603 

10.002617 

10.002631 

10.002645 

10.963104 

10.961952 

10.960803 

10.959658 

io-958515 

2C 

21 

22 

23 

54 

9.042625 

9.043762 

9.044895 

9.046026 

9.047154 

9-997341 

9-997327 

9-9973I3 

9-997299 

9.997285 

9.045284 

9.046434 

9.047582 

9.048727 

9.049869 

10.954716 

10.953566 

10.952418 

10.951273 

10.950131 

10.002659 
1 0.002673 
10.002687 
10.002701 
10.002715 

IO-957375 

10.956238 

10.955105 

IO-953974 
10.95  28*46 

— 

4< 

35 

3! 

37 

1«! 

25 

26 

27 

28 

29 
1? 

9.048279 

9.049400 

9.050519 

9.051635 

9.052748 

9.053859 

9.997271 

9.997257 

9.997242 

9.997228 

9.997214 

9-997*99 

9.05 100b 
9.05  21 44 
9.053277 
9.054407 
9-°55535 

9.056659 

.10.948992 

10.947856 

10.946723 

IO*945593 

10.944465 

10.943341 

10.002729 

10.002743 

10.002758 

10.002772 

10.002786 

10.002801 

10.951721 

10.950600 

10.949481 

10.948365 

10.947252 

10.946141 

35 

34 

35 
V 

3  « 
3C!j 

Sine 

Tangent 

Secant 

f! 

3 

g 

CA 

83  Degrees.. 


r 


Tangents,  and  Secants.  (  371  ) 

6  Degrees. 

* 

Sine 

rangentj 

Secant 

!’9-°53*59 
9.054966 
\  9.056071 
,9.057172 
„  9.058271 

9.997199 

9.997185 

9.99717° 

9.997156 

9.997141 

9.056659 

9.057781 

9.058900 

9.060016 

9.061130 

10.943341 
10.942219 
10.941 100 
10.939984 
10.938870 

10.002801 

10.002815 

10.002830 

10.002844 

10.002859 

10.940141 

10.945034 

10.943929 

10.942828 

10.941729 

30 

29 

28 

z7 

26 

9.059367 
f  9.060460 
9.061551 
s  9.062639 
[9.063723 

9.997127 
9.9971 12 
9.997098 
9.997083 
9.997068 

9.062240 

9.063348 

9.064453 

9.065556 

9.066655 

10.93776° 

10.936652 

i°-935S47 

10.934444 

IO,93334? 

io. 002873 
10.002888 
10.002902 
10.002917 
10.002932 

10.94062? 

10.93954° 

10.938449 

IO-93736i 

10.936277 

z$ 
2  4 
23 

22 

21 

>  9.064806 
9.065885 
9.066962 
9.068036 
!  9.069107 

9-997°53 

9.997039 

9.997024 

9.997009 

9.996994 

9.067752 

9.068846 

9.069938 

9.071027 

9.072113 

10.932248 
10.931 !54 
10.930062 
10.928973 
10.927887 

20.002947 

10.002961 

10.002976 

10.002991 

10.003006 

10.935194 

10.934115 

10.933038 

10.931964 

10.930893 

20 

l9 

18 

l7 

16 

9.070176 
9.071242 
9.072 30r 
9.073366 
9.074424 

9.996979 

9.996964 

9.996949 

9.996934 

9.996919 

9.073197 

9.074278 

9.075356 

9.076432 

9.077505 

10.-926803 

10.925722 

10.924644 

10.923568 

10.922495 

10.003021 

10.003036 

10.003051 

10.003066 

10.003081 

10.929824 

10.928758 

10.927695 

10.926634 

10.925576 

lS 

*4 

13 

12 

1 1 

9.075480 

9.076533 

9-°77583 

9.078631 

9.079676 

9.996904 

9.996889 

9.996874 

9.996858 

9.996843 

9.078576 

9.079644 

9.080710 

9.081773 

9.082833 

10.921424 

10.920356 

10.919290 

10.918227 

10.917167 

10.003096 

10.003111 
10.003126 
10.003142 
10.003 157 

10.924520 

10.923467 

10.922417 

10.921369 

10.920324 

10 

9 

8 

7 

6 

j  9.080719 
[9.081759 
9.082797 
I9.083  83  2 
[9.084864 
9.085894 

9.996828. 
9.996812 
9.996797 
9.996782 
9.996766 
9.99675 1 

9.083891 

9.084947 

9.086000 

9.087050 

9.088098 

9.089144 

10.916109 
10.915053 
10.914000 
10.912950 
10.91 1902 
10.910856 

10.003172 

10.003188 

10.003203 

10.003218 

10.003234 

10.003249 

10.9192S1 

10.918241 

10.917,203 

10.916168 

10.915136 

10.914106, 

5 
4 

3 

2j 

1 

6 

Sine 

Tangent 

Secant 

S 

rt 

3 

C 

r& 

83  Degrees. 
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r  372 

) 

A  Table  of  Artificial  Sines, 

r 

7  Degrees. 

(Minutes 

Sine 

Tangent 

Secant 

o 

9.085895 

9199675 1 

9.089144 

10.910856 

10.0032  19 

10.914105 

61 

I 

9.086922 

9-996735 

9.090187 

10.909813 

10.003265 

10.913078 

5\ 

2 

9.087947 

9.996720 

9.091228 

10.908772 

10.003280 

10.912053 

S'n 

3 

9.088970 

9.996704 

9.092266 

10.907734 

10.003296 

10.91 1030 

T 

4 

9.089990 

9.996688 

9.093302 

10.906698 

10.0033 12 

10.910010 

5 

5 

q.oqioo8 

9.996673 

9-094335 

10.905665 

10.003327 

10.908992 

6 

q.oq2024 

9.996657 

9.095367 

10.904633 

10.003343 

10.907976 

5, 

7 

9.093037 

9.996641 

9.096395 

10.903605 

IO-°°3359 

10.906963 

-- 

5; 

8 

9.094047 

q. 996625 

9.097422 

10.902578 

10.003375 

10.905953 

J 

9 

9.095056 

9.996610 

9.098446 

10.901554 

10.003390 

10.904944 

3 

>  ; 

10 

9.096062 

9.996594 

q. 099468 

10.900532 

10.003406 

10.903938 

5‘ 

1 1 

9.097065 

9.996578 

9.100487 

10.899513 

10.003422 

10.902935 

12 

9.098066 

9.996562 

9.101504 

10.898496 

10.003438 

10.901934 

4v, 

>3 

9.099065 

9.996546 

9.1025  iq 

10.897481 

10.003454 

10.900935 

4;;1: 

*4 

9.100062 

9.996530 

9.IO3532 

10.896468 

10.003470 

10.899938 

4< 

9.101056 

9.996514 

9.104542 

10.895458 

10.003486 

10.898944 

4: 

16 

9.102048 

9.996498 

9-io555° 

10.894450 

10.003502 

10.897932 

V 

*7 

9.103037 

9.996482 

9.106556 

10.893444 

10.003518 

10.896963 

43 

1 8 

9.104023 

9.996465 

9.107559 

10.892441 

10.003535 

10.895975 

4-' 

l9 

9.105010 

9.996449 

9.108560 

10.891440 

10.00355 1 

10.894990 

d\ 

20 

9.105992 

9-996433 

9.109559 

10.890441 

10.003567 

IQ. 894008 

4( 

2  I 

9.106973 

9.996417 

q.I 10556 

10.889444 

10.003585 

10.893027 

3? 

22 

9.107951 

9.996400 

9.UI551 

10.888449 

10.003600 

IO.892049 

3> 

23 

9.108927 

9.996385 

9.112543 

10.887457 

10.003616 

10. 891073 

33 

24 

9.109901 

9.996368 

9- 1 1 353  3 

10.886467 

10.003632 

IO.89OO9Q 

4 

2S 

9.110873 

9.996351 

9.114521 

10.885479 

10.003649 

IO.889I27 

33 

26 

9.1 1 1842 

9-996335 

9.115507 

10.884493 

10.003665 

IO.888158 

34 

z7 

9.  XI 2809 

9.996318 

9.1 16491 

10.883509 

10.003682 

IO.887I9I 

33. 

28 

9- 1 1 3774 

9.996302 

9,II747Z 

10.882528 

10.003698 

IO.886226 

3  4 

29 

9.H4737 

9.996285 

9.1 18452 

10.881548 

10.00371 5 

IO.885263 

31 

30 

9.115698 

9.996269 

9. 1 19429 

10.880571 

10.00373 1 

IO.8843O2 

30 

Sine 

Tangent 

t 

Secant 

1 

<*D 

05 1 

82  Degrees. 


•  . 


I 

I 


Tangents,  and  Secants,  (  373  ) 

\ 

7  Degrees. 

'  Sine 

Tangent 

Secant 

9. 1 15698 
9. 116656 
9.1 17612 
9.118567 
9.ii95i9 

9.996269 
9.996252  < 
9.996235 
9.996218 
9.996202 

>119429 
>120404 
>121377 
>122348 
?-I233  r7 

IO.88057 I 
IO.879596 
IO.878.623 
IO.877652 
IO.876683 

10.003731 

10.003748 

10.003765 

10.003782 

10.003798 

10.884302 

10.883343 

10.88238S 

10.881433 

10.880481 

50 

29 

28 

z7 

26 

25 

24 

23 

22 

21 

9.120469 

f9-I2I4I7 

9.122362 

1  9.123306 
>9.124248 

9-996185 

9.996168 

9-996151 

9.996134 

9.996117 

>124284 

>125249 

>126211 

9.127172 

9.128130 

IO.875716 

IO.87475I 

IO.873789 

IO.872828 

IO.87187O 

10.003815 

10.003832 

10.003849 

10.003866 

10.003883 

10.879531 

10.878583 

10.877638 

10.876694 

10.875752 

>  9.125 187 
9.126125 
:  9.127060 

;  9-127993 

1 0.128021; 

9.996100 

9.996083 

9.996066 

9.996049 

9.996032 

9.129087 
9. 1 30041 
9.130994 
9.131944 
9. 1 32893 

IO.87O9I3 

IO.869959 

IO.869O06 

IO.868056 

IO.867IO7 

10.003900 

10.003917 

10.003934 

10.003951 

10.003968 

10.874813 

10.873875 

10.872940 

10.877007 

10.871075 

20 

!9 

x8 

*7 

16 

;  9.129854 
) 9.130781 
r 9.131706 
\  9.132630 

?9-I3355I 

9.996015 

9.995998 

9.995980 

9-995963 

9.995946 

9* 1 33^39 
9-i34783 
9.135726 
9.136666 
9.137605 

IO.8661OI 

IO.8652I7 

IO.864274 

IO.86333/ 

IO.862395 

10.003985 

10.004002 

10.004020 

10.004037 

10.004054 

10.870146 
10.86921 9 
10.868294 
10.867370 
10.866449 

*5 

14 

•3 

1 2 

1 1 

10 

9 

8 

7 

6 

? 9. 1 34470 

1  9-135387 

>9.136303 
t?  9-J37216 

39.138127 

9.995928 
9.99591 1 
9.995894 
9.995876 
9.995859 

9* 1 38542 

9.139476 

9.140409 

9.141340 

9.142269 

IO.861458 
IO.86052 z 
IO.85959I 
10.858660 
IO.85773I 

10.004072 

10.004089 

10.004106 

10.004124 

10.004141 

10.865530 

10.864613 

10.863697 

10.86278/ 

10.861875 

5  9,I39°37 
69.139943 
7  9.14085c 

89.H1753 

9  9.14265c 
°9-I4355i 

9.995841 

9.995823 

9.995806 

9-9957^ 

9.99577c 

9-99575: 

9.143196 

9.144121 

9.145043 

9- *45965 

>9.146885 

9.147802 

IO.856805 

10.855879 

IO.854956 

IO.854035 

IO.853II5 

10.852198 

10.004159 

10.004177 

10.004195 

10.004212 

10.00423c 

10.004247 

10.860965 

10.860056 

10.85915c 

10.858245 

10.857345 

10.856445 

5 

4 

3 

2 

i 

0 

s 

3 
cs 

n> 

Sine 

-  - - -  -  T  ' 

Tangent 

Secant 

82  Degrees. 

' 


A  a  3 


j  (  374  )  A  Table  of  Artificial  Sines, 

— — - - 

8  Degrees. 

jg 

S' 

c 

<  f-* 

rt> 

op 

o 

J 

t  2 

3 

4 

Sine 

Tangent 

Secant 

60 

59 

5* 

57 

56 

55 

54 

53 

5 2 
5J 

5° 

49 

48 

47 

46 

45 

44 

43 

42 

4] 

4° 

39 

38 

37 

36 

35 

3-4 

33, 

32 

3> 

3° 

S 

5 

C 

r r 

a 

CO 

9*  >43555 
9-  >44453 

9* 1 45  349 
9.146243 

9.147136 

9-995753 

9-995735 

9.995717 

9.995699 

9.995681 

9.147802 

9.148718 

9.149632 

9-i50544 

9.151454 

10.852198 

10.851282 

10,850368 

10.849456 

10.848546 

10.004247 
10.004265 
10.004283 
10.004301 
10.0043  >9 

10.856445 

10-855547 

10.854651 

>0.853757 

10.852864 

i 

7 

8 

9 

to 

n 

12 

>3 

*4 

1 1 

*7 

18 

*9 

9.148026 

9.148915 

9.149801 

9.150686 

9.151569 

9.995663 

9.995646 

9.995628 

9.995609 

9.995591 

9-J523^3 

9.153269 

9.154174 

9-i55077 

9.155978 

10.847637 

10.846731 

10.845826 

10.844923 

10.844022 

10.004337 

10.004354 

10.004372 

10.004391 

10.004409 

10.851 97< 
10.851085 
10.850199 
10.849314 
10.84843 1 

9.152451 

9-I53330 

9.154208 

9.155083 

9-155957 

9-995573 
9-995555 
9-9955 37 
9-9955 1 9 
9.995500 

9.156877 

9- >57775 
9.158671 
9. 1 59565 
9.160457 

10.843123 

10.842225 

10.841329 

10.840433 

10.839543 

10,004427 

10.004445 

10.004463 

10.004481 

10.004500 

10.847549 

10.846670 

10.845792 

10.844917 

10.844043 

9.156830 

9.157700 

9.158569 

9-159435 

9.160300 

9.995482 

9.995464 

9-995445 

9.995427 

9.995409 

9- >61347 
9. 1622^6 
9.163123 
9. 1 64008 
9.164892 

10.838653 

IO-837764 

10.836877 

10.835092 

10.835108 

10.0045 18 
10.004536 
10.004355 
10.004573 
10.004591 

10.843170 

10.842300 

10.841431 

10.840565 

10.839706 

20 

21 

22 

23 

H 

9.161164 

9.162025 

9.162885 

9-l63743 
9. 1 64600 

9-99539° 

9-995372 

9-995353 

9-995334 

9.995316 

9.165774 

9.160654 

9.167532 

9.168409 

9.169284 

10.834226 

10.833346 

10.832468 

10.831591 

10.830716 

10.004610 
10.004628 
10.004647 
10.004  666 
10.004684 

10.838836 

10.837975 

10.837115 

10.836257 

10.835400 

3 

27 

28 

29 

30 

9.165454 

9.166307 

9.167159 

9.168008 

9.168856 

9.169702 

9.995297 

9.995278 

9.995260 

9.995241 

9.995222 

9.995203 

9- 170157 
9.171029 
9.>7i899 
9.172767 

9-173634 

9.174499 

10.829843 

10.828971 

10.828101 

10.827233 

10.826366 

10.825501 

10.004703 

10.004722 

10.004740 

10.004759 

10.004778 

10-004797 

10.8^4546 

10.833693 

10.832841 

10.831992 

10.831144 

10.830298 

Sine 

T  angent 

Secant 

81  Degrees. 

— — - — - •  — 

Tangents,  and  Secants, 


(  375  ) 


8  Degrees. 


9.169702 

9.170546 

9.171389 

9.17223° 


Sine 


Tangent 


9.995203 

9.995184 

9.995165 

9.995146 


9.1730709.995127 


9.1739089.995108 
9. 1 74744  9.995089 

9**75578 
9.17641 1 
9.177242 


9.99507° 

9.995051 

9.995032 


9.178072 
9.178900 
9.179726 
180551 


9.1813749.994935 


9.1821969,994916 


9*995OI3 

9.994993 

9.994974 

9-994955 


9.183016 

9.183834 

9.184651 

9.185466 


9.186280 
9.187092 
9.187903 
9.188712 
9.1895 19 


9.190325 

9.191130 

9*9*933 

9.192734 


9-I935349-99464° 


178799 
179655 
180508 
9.181360 
182211 


9.994896 

9.994877 

9.994857 

9.994838 


9-994759 

9-994739 


9.994719 

9.994700 

9.994680 

9.994660 


9-19433: 


Sine 


9,I74499 

9.175362 
9.176224 
9.177084 
177942 


10.825501 

10.824638 

10.823776 

10.822916 

10.822058 


10.821201 

10.820345 

10.819492 

10.818640 

10.817789 


.183059 

.183907 

.184752 

.185597 

.186439 


9.187280 

9.188120 

i88957 
9.189794 
190629 


9.994818  9.191462 
9.994798  9^92294 

9-994779  9- *93  *24 


193953 

9.194780 


9.195606 

9.196430 

9.197253 

9.19807 

9.198894 


9.994620  9.199712 


10.816941 

10.816093 

10.815248 

10.814403 

10.813561 


10.812720 
10.81 1880 
10.811043 
10.810206, 
10.809371 


10.808538 

10.807706 

10.806876 

10.806047 

10.805220 


Secant 


10.004797 

10.004816 

10.004835 

10.004854 

10.004873 


10.004892 
10.00491 1 
10.004930 
10.004949 
10.004968 


10.004987 

10.005007 

10.005026 

10.005045 

10.005065 


10.005084 
10.005 I04 
10.005123 
10.005143 
10.005 162 


10.005182 

10.005202 

10.005221 

10.005241 

10.005261 


ip. 804394 
10.803570 
10.802747 
10.801926 
10.801106 
10.800288 


T  angent 


10.005281 

10.005300 

10.005320 

10.005340 

10.005360 

10.005380 


10.830298 

10.829454 

10.828611 

10.827770 

10.826930 


10.826092 

10.825256 

10.824422 

10.823589 

10.822758 


30 

29 

28 

27 

26 

z5 

24 

z3 

22 

21 


IO.82I928 
10.821 lOO 
10.820274 
10.819449 
IO.818626 


20 

l9 

18 

16 


10.817804 

10.816984 

10.816166 

10.815349 

10.814534 


10.813720 
10.812908 
10.812097 
10.81 1288 
10.810481 


10.809675 

10.808870 

10.808067 

10.807266 

10.806466 

10.805668 


Secant 


*S 

14 

l3 
12 
1 1 

10 

9 

8 

7 

6 

5 

41 

3 

2 


8l 


Degrees. 


A  a  4 


|Minutesj 


■“r - 7 - - - - 1 

376  )  A  Table  of  Artificial  Sines, 

9  Degrees. 

s 

c 

ff 

W 

Sine 

i 

T  angen 

Secant 

c 

1 

2 

3 

4 

I 

7 

8 

9 

10 

u 

12 

!3 

H 

!5 

16 

17 

18 

12 

20 

21 

22 

■23 

24 

9-I94332 
9.195129 
9.195925 
9.196719 
9.1975  n 

9.99462c 
9.99460c 
9.99458c 
9-9945  6c 
9-99454C 

9.199712 

9.200525 

9.201345 

9.202155 

9.202971 

10.800288 

IO-79947I 

10.798655 

10.747841 

10.797029 

10.00538c 

10.00540c 

10.00542c 

10.00544c 

10.00546c 

10.805668  6c 
10.804871  5< 

10.804075  5! 
10.803281  5'- 
10.802489  56 

9.198302 

9.199091 

9-i99879 
9.200666 
9.20145 1 

9-9945I9 

9.994499 

9.994479 

9.994459 

9.994438 

9.203782 

9.204592 

9.20540c 

9.206207 

9.207013 

10.796218 

10.795408 

10.794600 

IO-793793 

10.792987 

10.005481 

10.005501 

10,005521 

10.005541 

10.005562 

10.801698  5c 
10.800909  55 
10.800121  5: 

IO-799334  S2 
10.79854951 

9.202234 

9.203017 

9.203797 

9.204577 

9.205354 

9.994418 

9-994397 

9-994377 

9-994357 

9-994336 

9.207817 
9.208619 
9.209420 
9.210220 
9.21 1018 

10.792183 

IO-79I381 

10.790580 

10.789780 

10.788982 

10.005582 
10.005603 
10.005623 
10.005643 
1 0.005  66^. 

10.797766  5c 
10.796983  49 
10.796203  48 

IO,795423  47 
10.794646  46. 

9.206131 

9.206906 

9.207679 

9.208452 

9.209222 

9.994316 

9.994295 

9-994274 

9.994254 

9-994233 

9.21 1815 
9.21261 1 
9.213405 
9.214198 
9.214989 

10.788185 
10.787389 
10.786595 
10.785802 
10.78501 1 

10.005684 
10.005705 
10.005726 
10.005746 
10.005 767 

10.793869  45 
10.79309444 
10.792321  43 
10.791548  42 
10.790778  41 

9.209992 
9.210760 
9.21 1526 
9.212291 
9-2I3°55 

9.994212 

9-994,9I 

9.994171 

9.994150 

9.994129 

9.215779 

9.216568 

9.217356 

9.218142 

9.218926 

10.784221 

10-783432 

10.782644 

10.781858 

10.781074 

10.005788 

10.005809 

10.005829 

10.005850 

10.005871 

10.790008  40  ] 
10.789240  39! 
10.788474  38 

10-78 77°9  37 
10.786945  36 

25 

26 

27 

28 

29 

30 

9.213818 

9.214579 
9.2i5338( 
9.216097 
9.216854  < 
9.2176091 

9.994108 

9.994087 

9.994066 

9-994045 

9.994024 

9.994003 

9.219710 

9.220492 

9.221272 

9.222052 

9.222830 

9.223606 

10.780290 

Io-7795o8 

10.778728 

10.777948 

IO-777I7° 

10.776394 

10.005892 

10.005913 

10.005924 

10.005955 

10.005976 

10.005997 

10.786182  35  ; 
10.785421  34 
10.784662  33 
10.783903  32 
10.783146  31 
10.782391  30 

Sine 

Tangent 

§ 

Secant  g 

a 

80  Degrees. 

- - — .  ,,  • 

- 


■ 


Tangents,  and  Secants 
9  Degrees 


9.217609 
9.218363 
9.219116 


35 

36 

37 

38 
139 


Sine 


9.994003 


.91 

.,.219868 
5.220618 


9.221367 
9.2221 15 
9.222861 
9.223606  9 
9.224349 


'.993896  9.227471 
.003873  0.228230 
.9938549.229007 
-.9938329.229774 
9-99381 1  9.230539 


9.225092 
9.225833 
9-226573 
9.227311 
449.228048 

45 

46 


9*993789  9.23  *302 
9.9937689.232065 
9.993746  9.232826 
9.9937259.233586 
9-993 7°3  9-234345 


1,-2287849 
9.229519 
9.23025 
9.2309849 


49-9-23 17  *5 


50)9.2324449 
9.233172 


5* 

52I9.233899 

53 

54 


9.234625 

9-235349 


55 

569 

57 

58 

59 

60 


0.23607-1 

.236795 

9.23751 

9.238235 

9.238953 


Tangent 


9.223606 


1.993981  9.224382 
.9939609.225156 

•993939  9-225929 
.993918  9.226700 


10.776394 

10.775618 

10.774844 

10.774071 

IO-7733°° 

*0772529 

10.771761 

10.770993 

10.770226 

10.769461 


10.768698  10.0062x1 
10.767935  10.006232*10.774167 
10.767174 
10.766414 
10.765655 


.003681  0.231:103 
9.9936609.235859 
9.9936389.236614 
,993616  9.237368 
9-9935949-238I20 


,9935729.238872 
9.9935509-239622 
9.9935289.240371 

9-9935°7  9-24*  *  18 
9.9934849.241865 

9.993462  9.242610 
9.9934409.24335 


59.9934*89.244097 
9-993396  9-H4839 


9-9933749-245579  *°-75442 


9.239670  9-993352 


9.246319 


Sine 


10.005997 

10.006019 

10.006040 

10.006061 

10.006082 

10.006104 

10.006125 

10.006146 

10.006168 

10.006189 


10.006254 
.  10.006275 
10.006297 


Tangent  J 


80  Degrees 


-10.764897 

10.764141 

10.763386 

10.762632 

10.761880 


10.761 128 
10.760378 
10.759629 
10.758882 
10.758135 


*0-757390 

10.756646 

10.755903 

10.755161 


10.75368 


10.006319 

10.006340 

10.006362 

10.006384 

10.006406 

10.006428 

10.006450 

10.006472 

10.00649; 

10.0065 16 

10.006538 

10.006560 

10.006582 

10.00660^ 

10.006626 

10.006648 


10.766828 

10.766101 

*0.765375 

10.76465 

*0.763927 

10.763205 

10.762485 

10.761765 

10.761047 

*0-76033 

Secant 


T 

'V 


(  378  )  A  Table  of  Artificial  Sines, 

10  Degrees. 

g  Sine 

a 

j  to 

Tangent 

Secant 

- 

0  9.239670 
1  9.240386 
;  2  9.241 101 
;  39.241814 
49.242526 

9-99335 1 
9.993329 

9-9933°7 

9.993284 

9.993262 

9.246319 

9.247057 

9.247794 

9.248530 

9.249264 

10-753681 

10.752943 

10.752206 

10.751470 

10.750736 

10.006649 
10.006671 
10.006693 
10.0067 16 
10.006738 

10.760330 

10.759614 

10.758899 

10.758186 

,0-757474 

60 

59 

58 

57 

si 

55 

54 

53 

52 

S± 

5° 

49 

48 

47 

46 

5  9,243237 
69.243947 
7  9.244656 

I  89.245363 
9  9.246069 

9.993240 

9.993217 

9-993I95 

9.993172 

9-993I49 

9.249998 

9.250730 

9.251461 

9.252191 

9.252920 

10.750002 

10.749270 

10.748539 

10.747809 

10.74708c 

10.006760 
10.006783 
10.006805 
10*006828 
10.00685 1 

10.756763 

10.756055 

IO-755344 

IO-754637 

10.753931 

lio  9.246775 
;ii  9.247478 

12  9.248181 

13  9.248SS3 
149.249583 

9.993127 
9.993  !°4 
9.993081 

9-993 1 °59 
9.993036 

9.253648 

9-254374 

9.255100 

9.255824 

9.256547 

10-746352 

10.745626 

10.744900 

10.744176 

1  °-74345  3 

10.006873 

10.006896 

10.006919 

10.006941 

10.006964 

IO-753225 

10.752522 

10.751819 
10.751 1 17 
10.750417 

15  9.250282 

16  9.250980 
179.251677 
189.252373 
1199.253067 

9-9930I3 

9.992990 

9.992967 

9.992944 

9.992921 

9.257269 

9-25799° 

9.258710 

9.259428 

9.260146 

10.742731 
10.742010 
10.741290 
1 0.7405  7  2 
10.739854 

10.006987 

10.007010 

10.007033 

10.007056 

10.007079 

10.749718 

10.749020 

10.748323 

10.747627 

10.746933 

45 

44 

43 

42 

41 

I209. 253761 
219.254453 
,22  9.255144 
23  9-255834 
z4  !9-2565  23 

9.992898 

9.992875 

9.992852 

9.992829 

9.992806 

9.260862 

9.261578 

9.262292 

9.263005 

9.263717 

IO-739I38 

10.738422 

io,7377o8 

io-736995 

io*736z83 

10.007102 

10.007125 

10.007148 

10.007171 

10.007194 

10.746239 

IO-745547 

10.744856 

10.744166 

IO-743477 

40 

39 

38 

37 

36 

259.2572U 
<26  9.257898 
27  9.258583 
'28  9.259268 

29  9-25995 1 

30  9.260633 

9.992783 

9.992759 

9.992736 

9.992713 

9.992689 

9.992666 

9.264428 

9.265138 

9.265847 

9.266555 

9.267261 

9.260967 

IO-735572 

10.734862 

IO-734I53 

IO-733445 

10.732739 

10.732033 

10.007217 

10.007241 

10.007264 

10.007287 

10.007311 

10.007334 

10.742789 

10.742102 

IO-74I4I7 
10.74073 2 

10.740049 

10.739367 

35 

34 

33 

32 

3i 

3° 

Sine 

Tangent 

1 

Secant 

r 

3  1 

: 

ru 

to 

79  .  Degrees. 

/ 


1 


Tangents,  and  Secants.  (  379  ) 

to  Degrees. 

[ 

Sine 

Tangent 

Secant 

30 

29 

28 

27 

26 

30 

31 

32 

33 

34 

9.260633 

9.261314 

9.261994 

9.Z62673 

9.263351 

9.992666 

9.992643 

9.992619 

9.992596 

9.992572 

9.267967 

9.268671 

9.269375 

9.270077 

9.270779 

10.732033 

10.731329 

10.730625 

10.729923 

10.7292Z1 

10.007334 

10.007357 

10.007381 

10.007404 

10.007428 

IO-739367 

10.738686 

10.738006 

IO-737327 

10.736649 

35 

36 

37 
3* 
39 

4° 

41 

42 

43 

44 

+5 

4° 

47 

48 

49 

9.264026 

9.264703 

9.265377 

9.266051 

9.266723 

9.992549 

9.992525 

9.992501 

9.992478 

9.992454 

9.271479 

9.272178 

9.272876 

9-273573 

9.274269 

10.728521 

10.727822 

10.727124 

10.726427 

10.725731 

10.007451 

10.007475 

10.007499 

10.007522 

10.007546 

10-735973 

IO-735297 

10.734623 

IO-733949 

10.733277 

25 

24 

23 

22 

21 

20 

r9 

18 

‘7 

16 

15 

H 

*3 

12 

1 1 

IO 

9: 

81 

7' 

6! 

5 

4! 

3; 

2 

1 

0 

1 

5 

e 

rf  ; 

a  , 

CO 

9.267395 

9.268065 

9-268734 

9.269402 

9.270069 

9.992430 

9.992406 

9.092382 

9.992358 

9-992335 

9.274964 

9.275658 

9.276351 

9.277043 

9-277734 

10.725036 

10.724342 

10.723649 

10.722957 

10.722266 

10.007570 

10.007594 

16.007618 

10.007642 

10.007665 

10.732605 

i°-73I935 

10.731206 

10.730598 

10.729931 

9-9923 1 1 
9.992287 
9.992263 
9.992238 
9.992214 

9.278424 
9.2791 13 
9.279801 
9.280488 
9.281 174 

10.721576 

10.720887 

10.720199 

10.719512 

10.718826 

10.007689 

10.007713 

10.007737 

10.007762 

10.007786 

10.729265 

10.728600 

10.727937 

10.727274 

10.726612 

9.270735 

9.271400 

9.272063 

9.272726 

9.273388 

5° 

51 

52 

53 

54 

9.274049 

9.274708 

9-275367 

9.276024 

9.276681 

9.992190 
9.992166 
9.992142 
9.9921 17 
9.992093 

9.281858 

9.282542 

9.283225 

9.283907 

9.284588 

10.718142 

10.717458 

10.716775 

10.716093 

10.715412 

10.007810 

10.007834 

10.007858 

10.007883 

10.007907 

10.725951 

10.725292 

10.724633 

10.723976 

10.723319 

55 

56 

57 

58 

Ic 

9-277337 

9.277991 

9.278644 

9.279297 

9.279948 

9.280599 

9.992069 

9.992044 

9.99202c 

9.991996 

9.991971 

9-99I947 

9.285268 

9.285947 

9.286624 

9.287301 

9.287977 

9.288652 

10.714732 

10.714053 

10.715376 

10.712699 

10.712023 

io.7U348 

10.007931 

10.007956 

10.007980 

10.008004 

10.008029 

10.008053 

10.722663 
zo. 722009 
10.721356 
10.720703 
10.720052 
10.719401 

|  Sine 

Tangent 

Secant 

J - — — - 

79  Degrees. 

p  i 


;l! 


(  380  )  A  Table  of  Artificial  Sines, 


1 1  Degrees. 


s 

5' 

a 

n 

cr 

O 

1 

2 

3 

4 

5 

6 

7 

S 

9 

Sine 

Tangent 

Secant 

f 

60 

59, 

53 

5k- 

55 

5+ 

53 

52 

Si 

5° 

49 

48 

47 

46 

45 

44 

43 

42 

4* 

9.2805999.991947 

9.281248  9.991922 

9.281897  9-99i897 
9.2825449-991873 

9.283 19019.991848 

9.288652 

9.289326 

9.289999 

9.290671 

9.291342 

10.711348 

10.710674 

10.710001 

10.709329 

10.708658 

10.008053 

10.008078 

10.008103 

10.008127 

10.008152 

10.719401 
10.718752 
10.718103 
10.717456 
10.7 16810 

9.283836 
9.284480 
9.285 124 
9.285766 
9.28640S 

9.991823 

9-99*799 

9.991774 

9.991749 

9.991724 

9.292013 

9.292682 

9.29335° 

9.294017 

9.294684 

10.707987 

10.707318 

10.706650 

10.705983 

10.705316 

10.008177 
10.008201 
10.008226 
10.00825 1 
10.008276 

10.716164 
10.715520 
10.714876 
10  714234 

IO*7 1 3592 

10 

1 1 

12 

>3 

14 

9.287048 

9.287687 

9.288326 

9.288964 

9.289600 

9.991699 

9.991674 

9.991649 

9.991624 

9.991599 

9*295349 

9,296013 

9.296677 

9*297339 

9.298001 

10.70465 1 
10.703987 
10.703323 
10.702661 
10.701999 

10.008301 

10.008326 

10.008351 

10.008376 

10.008401 

10.712952 
10.71 23  r3 
10.71 1674 
10.71 1036 
10.710400 

*5 

16 

*7 

18 

12 

20 

21 

22 

23 

24 

9.290236 

9.290870 

9.291504 

9.292137 

9.292768 

9.991574 

9.991549 

9.991524 

9-99*498 

9*99*473 

9.298662 

9*299322 

9.299980 

9.300638 

9.301295 

10.701338 

10.700678 

10.700020 

10.699362 

10.698705 

10.008426 
10.00845 1 
10.008476 
10.008502 
10.008527 

10.709764 

10.709130 

10.708496 

10.707863 

10.707232 

9*293399 

9.294029 

9.294658 

9.295286 

9-29591 3 

9.991448 
9.99 1 423 
9.991397 
9*99I372 

9.991346 

9.301951 

9.302607 

9.303261 

9.303914 

9.304567 

10.698049 

10.697393 

10.696739 

10.696086 

10-695433 

10.008552 

10.008577 

10.008603 

10.008628 

10.008654 

10.706601 

10.705971 

10.705342 

IO*7°47I4 

10.704087 

40 

39 

38 

37 

36 

II 

27 

28 

29 

30 

9.296539 

9.297164 

9.297788 

9.298412 

9.299034 

9.299655 

9*99 1 3  2 1 
9.991295 
9.991270 
9.991244 
9.991218 
9.991193 

9.305218 

9.305869 

9.306519 

9.307167 

9.307815 

9.308463 

10.694782 

10.694131 

10.693481 

10.692833 

10.692185 

10.691537 

10.008679 

10.008705 

10.008730 

10.008756 

10.008782 

10.008807 

10.703461 

10.702836 

10.702212 

10.701588 

10.700966 

10.700345 

35 

34 

33 

32 

3* 

30 

Sine 

Tangent 

Secant 

s» 

£3 

r* 

rt> 

VJ 

78  Deg  rees. 


/ 


Tangents,  and  Secants.  (  3^*  ) 

1 1  Degrees. 

's 

5 

£ 

u> 

3° 

3 1 

32 

33 
3+ 

35 

36 

37 

38 

39 

Sine 

rangent 

Secant 

7.299655 

5.300270 

3.300895 

?-3OI5I4 

9.302x32 

9.302749 

9-3°3364 

9-3°3979 

9-3°4593 

9.305207 

9.99x193 
9.991167 
9.991 141 

9*99 1 1 1 5 
q.qqioqo 

9.308463 

9.309109 

9-3°9754 

9.310398 

9.311042 

10.691537 

10.690891 

10.690246 

10.689602 

10.688958 

10.008807 

10.008833 

10.008859 

10.008885 

10.008910 

10.700345  30 
10.699724  29 
IO.699IO5  28 
IO.698486  27 
IO.697868  26 

9.991064 

9.99x038 

9.991012 

9.990986 

9.990960 

9.31 1685 
9.3x2327 
9.3x2967 
9.313608 
9.314247 

10.688315 

10.687673 

10.687033 

10.686392 

10.685753 

10.008936 

10.00896.2 

10.008988 

10.009014 

10.009040 

IQ.69725  1  25 
10.696636  24 
IO.69602I  23 
10.695407  22 
10.694793  21 

4° 

41 

42 

43 

44 

45 

46 

47 

48 

49 

5° 

51 

5Z 

53 

54 

5^ 

57 

58 

59 

60 

9.305819 
0.306430 
9.307041 
q. 307650 
9.308259 

9-99°934 
9.990908 
9.990882 
9.990855 
q. 990829 

9.3x4885 

9-3i5523 

9.3x6x59 

9.3x6795 

9-3I743° 

10.685 1 15 
10.684477 
10.683841 
10.683205 
10.682570 

10.009066 

10.009092 
10.0091 18 
10.009145 
10.009171 

IO.694181  20 
IO.69357O  I9 
10.692959  l8 
IO.69Z35O  17 
1.0.691741  l6 

9.308867 

9-3°9474 
9.310080 
9.310685 
9.31 1Z89 

9.990803 
9.990777 
9.99075c 
9.99072  i 
9.990697 

9.318064 

9.3x8697 

9-3I9329 

9.3x9961 

9.320592 

10.681936 

10.681303 

10.680671 

10.680039 

10.679408 

10.009197 

10.009223 

10.009250 

10.009276 

10.009303 

IO.69II33  15 
IO.69052O  I4 
IO.68992O  I3 
IO.6893I5  12 
IO.6887II  II 

9*3 1 1 893 
9.312495 

9,3I3°97 

9.313698 

9.314297 

9.99067  I 
9.990644 
9.990618 
9.990591 
9.990565 

9.321222 
9.321851 
9.322479 
9.323 106 
9-323733 

10.678778 

10.678149 

10.677521 

10.676894 

10.676267 

10.009329 

10.009356 

10.009382 

10.009405 

10.009435 

IO.688IO7  IO 
IO.6875O5  9 
10.686903  8 
IO.686302  7 
10.685703  6 

9.314896 

9-3I5495 

9.316092 

9.316688 

9.317284 

9.317875 

9.99053* 

9.9905U 

9.990485 

9.99045* 

h  9*99°43 1 
9.990402 

9.324358 

9.324983 

9.325607 

9.32623c 

9.326853 

9.327472 

10.675642 

10.675017 

10.67439: 

10.67377c 

10.673147 

io.67252( 

10.009462 

10.009485 

10.009515 

10.009541 

10.00956c 

io.oo959( 

10.685104  5 
10.684505  4 
10.683908  3 
10.683312  2 
10.682716  1 

10.682121  0 

Sine 

Tangent 

S 

Secant  g 

O 

v)  !* 

- - - — -  t 

78  Degrees.  j 

(  3^2  )  A  1  able  of  Artificial  Sines, 


12  Degrees. 


g  Sine 

i-r 

a 

V) 

Tangen 

t 

Secant 

- 

°  9-317*7$ 

1  9-3  i847_ 

2  9.3 1 906^ 
39.3x965? 
4  9.320245 

9.99040. 

9-99°37/ 
>  9.99035] 

9-990323 

9.990297 

9-32747 ' 
9.32809: 
9.328715 

^•329335 

9-329953 

10.672526 
10.671905 
x  0.67 1 285 
10.670666 
10.670047 

10.00959^ 

10.00962: 

10.009645 

10.009676 

10.00970: 

10.682121 

10.681525 

10.68093^ 

10.680342 

10.679751 

00 

59 

.58 

57 

56 

55 

54 

53 

52 

5f 

5° 

49 

48 

47 

46 

5  9.32034c 
69.32143c 
79.322019 
8  9.322607 
99.323194 

9.99027c 

9.990243 

9.9902x5 

9.990188 

9.990x61 

9-33  057c 
9.33x187 

9-33i8°3 

9.332418 

9-335033 

10.669430 
1 0.66S8 1 3 
10.668197 
10.667582 
10.666967 

10.00973c 

10.009757 

10.009785 

10.0098x2 

10.009839 

10.67916c 

10.67857c 

10.677981 

IO-677393 

10.676806 

109.323780 

1 1  9.324366 

12  9.32495 1 

13  9-325534 
149.3261 17 

9.990x34 

9.990107 

9.990079 

9.990052 

9.990025 

9-333646 

9-334259 

9-3348?1 

9-335482 

9.336093 

10.666354 
10.665741 
10.665129 
10.664518 
x  0.663907 

10.009866 

10.009893 

10.009921 

10.009948 

10.009975 

10.676220 

10.675634 

10.675049 

10.674466 

10.673883 

15  9.326700 

16  9.327281 
179.327861 

18  9.328442 

19  9.329021 

9.989997 

9.989970 

9.989942 

9.989915 

9.989887 

9.336702 

9-3373*1 

9-3379!9 

9-338527 

9-339*33 

10.663298 

10.662689 

10.662081 

10.661473 

10.660867 

10.010003 
x  0.0 1 0030 
10.010058 
1 0-0 10085 
10.0101 13 

10.673300 

10.672719 

10.672138 

10.671558 

10.670979 

45 

44 

43 

42 

41 

20  9-329599 

21  9-330x76 

22  9-330753 

23  9-33 !32« 
249.331903 

9.989860 

9.989832 

9.989804 

9.9S9777 

9.989749 

9-339739 

9-340344 

9.340948 

9-34!552 

9-342I55 

10.660261 

10.659656 

10.659052 

10.658448 

IO:65784S 

10.01014c 

xo.oiox68 

10.010196 

10.010223 

10.010251 

10.670401 

10.669824 

10.669247 

10.668672 

10.668097 

40 

39 

38 

37 

3^ 

35 

34 

33 

32 

3* 

30 

§ 

j 

c 

rf 

25  9-332478 

26  9-333051 

27  9-333624 

289.334195 

29  9-334766 
3°9-335J37 

9.989721 

9.9S9693 

9.989665 

?-9«9^37j! 
9.989609  c 
9-989581  < 

9-342757 
5>-343358 
9*34395s 
J-344558 
9-345 1 57 
9-345755 

10.657243 

10.656642 

10.656042 

10.655442 

10.654843 

10.654245 

10.010279 

10.010307 

[0.010335 

10.010363 

0.010391 

0.0104x9 

10.667522 

10.666949 

xo. 666376 
10.665805 
10.665234 
0.664663 

Sine 

< 

Tangent 

Secant 

77  Degrees. 


Tangents,  and  Secants. 


(  383  ) 


12  Degrees. 


1 

Secant 

10.654245 
10.653647 
10-653051 
10.652455 
10.65 1859 

10.010419 
10.010447 
10.010475 
10.010503 
10.61053 1 

10.65 1265 
10.650671 
10.650078 
10.649486 
10.648894 

10.010559 

10.010587 

10.010616 

10.010644 

10.010672 

10.648303 

10.647713 

10.647124 

10.646535 

10.645947 

10.010701 

10.010729 

10.010757 

10.010786 

10.010814 

10.645360 

10.644773 

10.644187 

10.643602 

10.64301s 

10.010843 

10.010872 

10.010900 

10.010929 

10.010958 

I0.64Z434 

10.641851 

10.641269 

10.640687 

10.640107 

10.010986 
10.011015 
10. oi 1044 
10.01 1073 
10.01 1 102 

.  10.639526 
10.638947 
10.638368 
)  10.637790 
10.637213 
.  10.636636 

10.011131 
IO.CII 160 
10.011189 
10.011218 
10.0x1247 
10.01 1276 

T  angent 

309 

3 1 

329. 

33 

34  9 


35 

6 

37 

38 
399 

9 


40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

5° 

5 1 

52 

53 

54 

55 

56 

57 

58 


Sine 


335337 

335906 

336475 

337°43 

337610 


.338176 

■33874z . 

.339306  9 

•339871 

■34°434 


340996 

,341558 

,3421199 

,342679 

343239 


343797 
344355 
3449 12  . 
345469  9 
,3460249 

9 


Tangent 


.98958 1 

•989553 

•989525 

.989497 

.989469 


.  345755 
9-3463S3 
9.346949 

9-347545 

348141 


,989441 

,989413 

,989384 

.989356 

.989328 


9-348735 

349329 
349922 


,989299 

,989271 

,989243 

.989214 

.989186 


9-35 i697 


■346579 

■347*34 

•347687 

.348240 

.348792 


349343 

349893 

35°443 

,350992 

■35*54° 

,352088 


.989157 

.989128 

.989100 

.989071 

.989042 


,989014  9. 
.988985 
.988956  9 
.988927 
.988898 


.988869  9 

.988840 

.988811 

.988782 

.988753 

.98872^ 


Sine 


129 


10.659004 

10.658442 

10.657881 

10.657321 

10.656761 


10.656203 
10.655645 
10.655088 
*0.6545  3  * 

*0-653976 


10.653421 

10.652866 

*0.652313 

10.651760 

10.651208 


25 

24 

23 

22 

21 

20 

9 

18 

*7 

16 

5 

*4 

*3 

12 

ti 

10 


10.650657 

10.650107 

10.649557 

10.649008 

10.648460 

10.647912 


Secant 


77  Degrees. 


u’>  N  w  0  iMinutes] 


I 


% 


( 34 ) 


A  Table  of  Artificial  Sines, 


13  Degrees. 


f|  Sine 

f-t 

a 

Tangent 

09.352088 
1 9.352635 

2  9*353 1  ^ 1 

39.353726 

4  9-35427 1 

9.98872^ 

9.988695 

9.988666 

9.988636 

9.988607 

9-363364 

9-363940 

9.364516 

9.365090 

9-365664 

10.636636 

10.636060 

10.635484 

10.634910 

10.634336 

59.354815 

69-355358 

79.35590! 

89.356443 

99.356984 

9.988578 
9  988548 
9.988519 
9.988489 
9.988460 

9.366237 

9.366810 

9.367382 

9-367953 

9.368524 

10.633763 
10.633 19° 
10.632618 
10.632047 
10.631476 

109.357524 

n  9.358064 
129.358603 
139.359141 

•49-359679 

9.98843° 

9.988401 

9.988371 

9.988342 

9.988312 

9.369094 

9.369663 

9.370231 

9.370799 

9-37I367 

10.630906 

i°-63°337 

10.629769 

10.629201 

10.628633 

15  9.360215 

169.360751 

17  9.361287 

18  9.361822 
199.362356 

9.988282 

9.988252 

9.988223 

9.988193 

9.988163 

9-371933 

9-37H99 

9.373064 

9.373629 

9-374I93 

10.628067 

10.627501 

10.626936 

10.626371 

10.625807 

209.362889 
21 9.363422 
229.363954 

239-364485 

249.365016 

9.988133 

9.988103 

9.988073 

9.988043 

9.988013 

9-374756 
9- 37531,6 
9-375*^1 
9.376442 
9.377003 

10.625244 
10.624681 
10.6241 19 
10.623558 
10.622997 

259-365546 

269.366075 

27  9.366604 

28  9.367132 
299.367659 
309.368185 

9.987983 

9.987952 

9.987922 

9.987892 

9.987862 

9-987831 

9-377563 

9.378123 

9.378681 

9-379239 

9-379797 

9-38°354 

10.622437 

10.621877 

10,621319 

10.620761 

10.620203 

10.61964.6 

Sine 

T  angent 

Secant 


10.011276 
10.01 1305 
10.0x1334 
10.011364 
10. 01 1 393 


10.01 1422 
10. 01 1452 
IO.OI 1481 
10.01  15  1 1 
10.01 1540, 


10.01 1570 
10.011599 


10.01 1629 
10.011658 
10.011688 


10.011718 
10.011748 
10.01 1 777 
10.011807 
10.01 1837 


10.011867 
10.011897 
10.0119271 
10.01 1957 
10.01 1987 


10.01201- 


'64791 

647365 

646819 

.646274 

645729 


55 


.645185 _ 
.644642  54 
.644099 

643557 

643016 


10' 

10 

10 

10. 

10 


642476 

641936 

641397 

640859 

640321 


IO- 6397 8 5 
10.639249 
10.638713 
10.638178 
10.63764441 


10.637111 

10.636578 

10.636046 

10.635515 

10.634984 


10.634454 

10.633925 

10.633396 

10.632868 

10.632341 

10.631815 


Secant 


56 


46 


45 

44 

43 

42 


4°j 

39, 


36 


35 

34 

33 

32 

3i 

30 


7 6  Degrees. 


Tangents,  and  Secants,  (  385  ) 


13  Degrees. 

* 

* 

Sine 

Tangent 

Secant 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

39.368185 
: 9.36871 1 
>9.369236 
■9.369761 
^9. 370285 

9-987831 

9.987801 

9.987771 

9.98774° 

9.987710 

9.380354 

9.380910 

9-381465 

9.382020 

9-3«2575 

10.619646 
10.619090 
10.618535 
10.617980 
10.61742  ■; 

10.012169 

10.012199 

10.012229 

10.012260 

10.012290 

10.631815 
10.O3 1 28  ) 
10.630704 
10.630239 
10.629715 

10.629192 

10.628670 

10.628148 

10.627627 

10.607106 

;  9.370808 
9^37*33° 

r  9.371852 

*  9-372373 
99.372894 

9.987679 

9.987649 

9.987618 

9.987588 

9-9^7557 

9.383129 

9.383682 

9-384234 

9.384786 

9-385337 

10.61687  - 
IO.616318 
IO.615766 
IO.615214 
10.614663 
IO.6141 12 
10.613562 
10.613013 
IO.612464 
IO.61 1916 

10.012321 
10.012351 
10.012382 
;o. 012412 
10.012443 

10.012474 

10.012505 

10.012535 

10.012566 

10.012597 

10.626586 
10.6260 67 
10.625548 
10.625030 
10.624513 

20 

l9 

18 

l7 

16 

!5 

*4 

*3 

1 2 

1 1 

10 

9 

8 

7 

6 

5 

4 
3 

2 

1 

0 

2 

5 

r-r 

0 

)9'3734I4 
:  9-373933 
>9.374452 

19-37497° 
t 9-3754^7 

9.987526 

9.987495 

9.987465 

9-9^7434 

9.987403 

9.385888 

9.386438 

9.386987 

9-3^7536 

9.388084 

g.  388631 

9-3«9I78 

9.389724 

g-3go270 

9.390815 

IO.61 1369 
10.610822 
10.610276 
10.609730 
10.609185 

10. 01 2628 
10.012659 
10.012690 
10.012721 
10.012752 

10  623997 
10.623481 
10.622965 
10.62245 1 
10.621937 

-  0.376003 
>9.376519 
r  9-377°35 
^  9-377549 
j 9.378063 

9.987372 

9-987341 

9.987310 

9.987279 

0.08724.8 

P  9-378577 
9.379089 

!  9-37960 1 

1 9.3801 13 
L  Q. 380624 

9.987217 

9.987186 

9-987 1 5  5 
9.987124 
9.987092 

9*39*359 

9-39I9°3 

9-392447 

9.392989 

9-393531 

10.608641 
10.608097 
10.607553 
10.60701 I 
10.606469 

10.012783 

10.012814 

10.012845 

10.012876 

10.012908 

10.621423 
10.62091 1 
10.6Z0399 
10.619887 
10.619376 

99-38!  I  34 
3  9.381643 
•  9.382152 
5  9.382660 
j  9.383 168 
>9.383675 

9.987061 

9.98703° 

9.986998 

9.986967 

9.986936 

9.986904 

9-394073 
9-3946i4 
9*395 1 54 
9-395693 
9-396233 
9.396771 

10.605927 

10.605386 

IO.604846 

10.604307 

10.603767 

IO.603229 

10.012939 

10.012970 

10.013002 

10.013033 

10.013064 

10-013096 

10.618S66 

10.618357 

10.617848 

10.61734c 

10.616832 

10.616325 

Sine 

Tangent 

Si-cant 

76  Degrees. 

Tb” 


(  g 8 6  )  A  Table  of  Artificial  Sines, 


14  Degrees. 


Minutes 

Sine 

Tangent 

Secant 

0 

1 

2 

3 

4 

1 

7 

8 

9 

9-383675 

9.384181 

9.384687 

9.385192 

9.385697 

9.986904 

9.986873 

9.986841 

9.986809 

9.986778 

9.-396771 

9- 3973°9 
9.397846 

9-398383 

9-3989i9 

10.603229 

10.602691 

10.602154 

10.601617 

10.601081 

10.013096 
10.013127 
10.013 159 
10.013 191 
10.013222 

10.616325  , 
10.615819 
10.615313  ! 
10.614808  1 
10.614303 

9.386201 

9.386704 

9-3872°7 

9.387709 

9.388210 

9.986746 
9.986714 
9.986683 
9.98665 1 
9.986619 

9-399455 

9.399990 

9.400524 

9.401058 

9.401591 

10.600545 

10.600010 

10.599476 

10.598942 

10.598409 

10.013254 

10.013286 

10.013317 

10.013349 

10.013381 

10.613799  j 
10.613296 
10.612793  ' 
10.612291 ; 
10.61 1790  j 

10 

1 1 

1 2 

>3 

H 

16 

17 

18 

J9 

20 

21 

22 

23 

24 

9.388711 
9.38921 1 
9.3897U 
9.390210 
9.390708 

9.986587 

9.986555 

9.986523 

9.986491 

9.986459 

9.402124 

9.402656 

9.403187 

9.403718 

9.404249 

10.597876 

IO,597344 
10.596813 
10.596282 
1  °-  5  95  75i 

10.013413 

IO-°i3445 

10.013477 

10.013509 

10.013541 

10.61 1289 , 
10.610789 ; 
10.610289  * 
10.609790  ;i 
10.609292 . 

9.391206 
9.391703 
9.392199 
9.392695 
9-393  *9° 

9.986427 

9.986395 

0.086363 

9.98633! 

9.986299 

9.404778 

9.405308 

9.405836 

9.406364 

9.406892 

10.595222 

10.594692 

10.594164 

IO-593636 

10.593108 

10.013573 

10.013605 

10.013637 

10.013669 

10.013701 

10.608794 
10.608297  !. 
IO.60780I 
IO.607305  7 
IO.6068IO  J 

9.393685 

9-394I79 

9-394673 

9.393166 

9.395658 

9.986266 

9.986:234 

9.986202 

9.986169 

9.986137 

9.407419 

9-4°794-5 

9.408471 

9.408997 

9.409521 

10.592581 

10.592055 

10.591529 

10.591003 

10.590479 

10.013734 
10.013766 
10.013798 
10.01383 1 
10.013863 

IO.6063I5  v 
IO.605821 
IO.605327  .j 
10.6048^4 

IO  604342  i 

25 

26 

27 

28 

29 

IS 

9-396i5° 

9.396641 

9-397 1 32 
9.397621 
9.398111 
9.398600 

9.986104 

9.986072 

9.986039 

9.986007 

9.985974 

9.985942 

9.410045 
9.410569 
9.41 1092 
9.41 1 6 i 5 

9-4I2I37 

9.412658 

10.589955 

10.589431 

10.588908 

10.588385 

10.587863 

10.587342 

10.013896 

10.013928 

10.013961 

IO-OI3 993 
10.014026 
10.014058 

10.603850  i 
10.603359  ■( 
10.602868 
10.602379  i 
10.601889  ; 
10.601400 

Sine 

Tangent 

Secant 

75  Degrees. 


/ 


. 


Tangents,  and  Secants,  (  387  ) 

14  Degrees. 

i. 

!  Sine 
♦ 

3 

T  angent 

Secant 

p  9.398600 
!I  9.399088 

2  9-399 575 

k  9.400062 
1 9.400549 

5  9-4° 1  °3 5 
|5  9.401520 

7  9.402005 

8  9.402489 
99.402972 

9.985942 
9.985909 
9.985876 
9.985843 
9.98581 1 

9.412658 

9-4I3I79 

9-4i3699 

9.414219 

9-4I4738 

io.587342 

10.586821 

10.586301 

10.585781 

10.585262 

10.014058 
10.014091 
10.0x4124 
10.014157 
10.0141 89 

10.601400 

1  626009  i  2 
10.600425 
10.59993. 

1  °*  5  9945 1 

3° 

29 

28 

27 

20 

2T 

24 

23 

22 

21 

9.985778 

9-985745 
9.9857 12 
9.985679 
9.985646 

9.415257 

9.4*5775 

9.416293 

9.416810 

9.4*7326 

10.584743 

10.584225 

io-5837°7 

10.583190 

10.583674 

10.014222 

10.014255 

10.014288 

10.014321 

10.014354 

10.598965 

10.598480 

10.597995 

10.5975*1 

10.597028 

L  9.403455 

1  9.403938 

2  9.404420 

3  9.404901 
49.405382 

9.985613 

9.985580 

9-985547 

9-9s55*3 

9.985480 

9.417842 

9.4*8358 

9.418873 

9.419387 

94I990I 

10.582158 
10.581642 
10.581 127 
10.580613 
10.580099 

10.014387 

10.014420 

10.014453 

10.014487 

10.014520 

10596545 

10.596002 

10.595580 

10.595099 

10.594618 

20 

*9 

t8 

*7 

16 

5  9.405862 
69.406341 

7  9.406820 

8  9.407299 

9  9-4077  77 

9.985447 

9-9854I4 

9.98538° 

9-985347 

9.935314 

9.420415 

9.420927 

9.421440 

9.421951 

9.422463 

10.579585 

10.579073 

10.578560 

10.578049 

10.577537 

10.014553 
xo. 014586 
10.014620 
10.014653 
10.014686 

10.594138 
10.593659 
10.593180 
10.592701 
:io. 592223 

*5 

*4 

*3 

1 2 

1 1 

Ho  9.408254 
Hi  9.408731 
H2  9.409207 
II3  9.409682 
H49.410157 

9.985280 
9.985247 
9.985213 
9.985 180 
9.985146 

9.422973 

9.423484 

9.423993 
9.424503 
9.42501 1 

10.577027 
1:0.5765  *6 
10.576007 

*0-575497 

10.574989 

10.014720 

10.014753 

10.014787 

10.014820 

10.014854 

■10.591746 

!io. 591269 
10  590793 
10.590318 
*0.589843 

10 

9 

8 

6 

I5  9.410632 
6 9.41 1 106 

7  9-4-1 1 5  7S 

8  9.412052 

9  9-4 1 25  24 

10  9.412996 

9.985 1 12 
9.985079 

9-985°45 
9.98501 1 
.9.984978 
9*984944 

9.425519 

9.426027 

9.426534 

9.427041 

9.427547 

9.428052 

10.574481 

*0-573973 

10.C73466 

10.572959 

10.572453 

10.571948 

10.014888 

10.014921 

10.014955 

10.014989 

10.015022 

10.015056 

40.589368 
10.588894 
110.588421 
1 10.587948 
j  10.5 87476 
10.58700^ 

5 

4 

2 

1 

0 

Sine 

Tangent 

Secant 

§ 

1 

a 

Lfj 

75  Degrees. 

B  b  2 

(■  388  )  A  Table  of  Artificial  Sines, 

15  Degrees. 

§ 

5 

g 

a 

c. r> 

Sine 

Tangent 

Secant 

6c 

39 

Si 

57 

s 

54 

53 

5  2 
5_‘ 

5ci 

45. 

4*- 

47 

46 

45 

44- 

4.4 

+2; 

4ci 

39: 

38; 

$ 

35- 

34 

33:' 

3  2 

3 1 
30 

s 

3  : 

rr 

(l 

Co 

0 

1 

2 

3 

4 

9.412996 

9.413467 

9.413938 

9.414408 

9.414878 

9.984944 

9.98491c 

9.984876 

9.984842 

9.984808 

9.428052 

9.428557 

9.429062 

9.429566 

9-43007° 

10.571948 

10.571443 

10.570938 

10.570434 

10.569930 

10.015056 
10.015090 
10.015 124 
10.015158 
10.015 192 

10.587004 

10.586533 

10.586062 

10.585592 

10.585122 

5 

6 

7 

8 

9 

9-4I5347 

9.4i58i5 

9.416283 

9.416751 

9-4I72I7 

9.984774 

9.984740 

9.984706 

9.984672 

9.984637 

9-430573 
9*43 1075 
9-43 1 577 
9.432079 
9.432580 

10.569427 

10.568925 

10.568423 

10.567921 

10.567420 

10.015226 

10.015260 

10.015294 

10.015328 

10.015363 

10.584653 

10.584185 

10.583717 

10.583249 

10.582783 

10 

1 1 

12 

J3 

H 

*5 

16 

!7 

18 

20 

21 

22 

23 

24 

25 

26 

27 

28 

2  9 
.3° 

9.417684 

9.418149 

9.418615 

9.419079 

9.419544 

9.984603 

9.984569 

9-984535 

9.984500 

9.984466 

9.433080 

9.433580 

9.434080 

9-434579 

9.435078 

10.566920 

10.566420 

10.565920 

10.565421 

10.564922 

10.015397 

10.015431 

10.015465 

10.015500 

10.015534 

10.582316 

10.581851 

10.581385 

10.580921 

10.580456 

9.420007 

9.420470 

9-420933 
9.421395 
9.42 1 857 

9.984432 

9.984397 

9-984363 

9.984328 

9.984293 

9-435576 

9.436073 

9.436570 

9.437067 

9-437563 

10.564424 

10.563927 

io-56343° 

10.562933 

10.562437 

10.015568 
10.015603 
10.015637 
10.015672 
10.01570 7 

IO-5799 93 

IO-57955° 

10.579067 

10.578605 

10.578143 

9.422318 

9.42277S 

9.423238 

9.423697 

9.424156 

9.984259 

9.984224 

9.984189 

9.984155 

9.984120 

9.438059 

9-438554 

9.43904S 

9-439543 

9.440036 

10.561941 
10.561446 
10.560952 
10.560457 
I0-5  59964 

10.015741 
10.015776 
10.01581 1 
10.015845 
10.015880 

10.577682 

10.577222 

10.576762 

10.576303 

10.575844 

9.424615 

9.425073 

9.425530 

9.425987 

9.426443 

9.426899 

9.984085 

9.984050 

9.984015 

9.983981 

9.983946 

9.983910 

9.440529 

9.441022 

9-44I5I4 
9.442006 
9.442497 
9. 442983 

1  o-5  5947 1 
10.558978 
10.558486 

IO-55799 4 

10.557503 
1 0.5570 12 

10.015915 

10.0I5950 

10.015985 

10.016019 

10.016054 

10,016090 

IO-575385 
IO-574927 
IO-S7447° 
1 0.5  740 1 3 

IO-573557 
10-S73 101 

Sine 

Tangent 

Secant 

74  Degrees. 

Tangents,  and  Secants.  (  389  ) 

15  Degrees. 

7* 

’  Sine 

? 

Tangent 

Secant 

lo  9.426899 

1  9-427354 
29.427809 

13  9-428263 

4  9.4287 1 7 

9*9^39 10 
5.983875 
5.083840 
5.983805 
9.983770. 

5.442988 

P-443479 

5.443968 

5.444458 

P-444947 

10.557012 

10.556521 

10.556032 

10.555542 

10.555053 

10.016090 

10.016125 

10.016160 

10.016195 

10.016230 

10.573101 

10.57Z646 

10.572191 

IO-57I737 

10.571283 

3° 

29 

28 

27 

26 

,59.429170 
io  9.429623 

7  9-43 007 5 
;S  9.430527 
99.430978 

9-983735 

9.983700 

9.983664 

9.983629 

9-983594 

P-445435 

?-445923 

5.446411 

5.446898 

9-447384 

10.554565 

10.554077 

10.553589 

10.553102 

10.552616 

10.016265 

10.016300 

10.016336 

10.016371 

10.016406 

10.570830 

IO-57°3 77 
10.5699Z5 
10.569473 
10.569022 

z5 

24 

23 

22  . 

21 

;o  9.431429 

■  i  9-43 i379 

L2  9-432328 

4  9432778 

.49.433226 

9.983558 

9.983523 

9.983487 

9.983452 

0.0824.16 

9.447870 
9.448356 
9.448841 
9.449326 
0.4408 10 

10.552130 

10.551644 

10.55U59 

10.550674 

10.550190 

10.016442 
10.016477 
10.0165 13 
10.016548 
10.016584 

10.568571 

10.568121 

10.567672 

10.567222 

10.566774 

20 

19 

18 

17 

16 

~S 

H 

13 

12 

1 1  ■ 

10.549706 

10.549223 

10.548740 

10.548257 

10.547775 

10.016620 

10.016655 

10.016691 

10.016727 

10.016762 

10.566325 

10.565878 

10.565431 

10.564984 

10.564538 

L5  9-433675 

.69.434122 

r7  9-434569 
^9.435016 

1-9  9-435462 

9.983380 

9-983345 

9-9833°9 

9-983273 

9.983238 

9.450294 
9.450777 
9.451260 
9-45 1 743 

9.452225 

jo  9-43  5  9°8 
;i  9-436353 
-  2  9-436798 
;3  9-437242 
549-43768  6 

9.983202 
9.983 166 
9.983130 
9.983094 
9.983058 

9.452706 
9-453 1 87 

9.453668 
9.454148 
19- 454628 

10.547294 

10.546813 

10.546332 

10.545852 

10.545372 

10.016798 

10.016834 

10.016870 

10.016906 

10.016942 

10.564092 
10.563647 
1 0.563202 
10.562758 
10.562314 
10.56187 1 
10.56142* 
10.56098(1 
10.560545 
10.56010^ 
(10.559661 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

c 

559.438125 

569.438572 

57  9-439°H 

58  9-43945 6 

59  9-43989; 

60  9-44033* 

9.983022 
9.982986 
9.98295c 
9.98291.1 
9.98287$ 
i  9.982842 

9.455107 

9.455586 

9.45606* 

9.456542 

9.45701c 

9.457496 

10.544893 
10.54441^ 
10.543936 
1 0-54345 ! 

10.542981 

10.54250*, 

10.016978 
10.017012 
10.01705c 
10.01708C 
10.017122 
(.  10.0171  3^ 

Sine 

Tangent 

Secant 

s 

S’ 

Cl 

74  Degrees. 


B  b  3 


(  39°  )  A  Table  of  Artificial  Sines, 

1 6  Degrees. 

<L) 

.5 

io 

Minutes 

Tangent 

Secant 

c  9  44°33<= 

1  9.44077S 

2  9.441218 
39.441658 
4  9.442096 

9.982842 

9.982805 

9.982769 

9-982733 

9.982696 

9-457496 

9-457973 

9.458449 

9.458925 

9.459400 

9.459875 

9.460349 

9.460823 

9.461297 

9.46177° 

10.542505 

10.542027 

IO-54155 1 
10.541075 
10.540600 

10.017158 

10.017195 

10.017231 

10.017267 

10.017304 

10.559662 
io. 559222 
10.558782 

io-558342 

10.557905 

60; 

39: 

58 

51 

3-6i 

55 

54 

53 

52 
51 

50J 

49: 

481 

47 

46 

45, 
44 
43 : 
42 

4i 

5  9-442535 

6  9-442973 
79.443410 

*  9 -443847 
9  9-444284 

9.982660 

9.982624 

9.982587 

9.982551 

9.982514 

10.540125 

10.539651 

1  °-5  39 1 77 

IO-5387°3 

10.53823c 

10.01734c 

10.017376 

10.017413 

10.017449 

10.017480 

10.557465 

10.557027 

10.55659c 

10.556153 

10.555716 

10  9.444720 
u  9.445155 
129.44559° 

13  9.446025 

1 4  9.446459 

9.982477 

9.982441 

9.982404 

9.982367 

9.982331 

9.462242 
9.462714 
9.463  86 
9.463658 
9.464128 

10.537758 

10.537286 

10.536814 

10-536342 

10.535872 

10.017523 

10.017559 

10.017596 

10.017633 

10.017669 

IO-55528° 

10-554845 

10.55441c 

IO-5S3975 
1  °-5  5  3  54 1 

15  9-446893 

16  9.447326 

*7  9-447759 

18  9.448191 

19  9.448623 

9.982294 

9.982257 

9.982220 

9.982183 

9.982146 

9.464599 

9.465069 

9.465539 

9.466008 

9466476 

IO-535401 

10-535931 

io-534+6i 

no.533992 

IO-533524 

10.017706 

10.017743 

10.017780 

10.017817 

10.017854 

1  o-5  5  3 1  °7 
10.552674 
10.552241 
10.55 1809 
1  °*55 1 377 

209.449054 
21  9.449485 
229.449915 

23  9-4S°345 

249.450775 

9.982109 

9.982072 

9.982035 

9.981998 

9.981961 

9.981924 

9.981886 

9.981849 

9.981812 

j.981774 

3-9^ 1 737 

9.466945 

9.467413 

9.467880 

9.468347 

9.468814 

IO-533°55 

10-532587 

10.532120 

1  °-5  3 1 65  3 
10.531 186 

10.017891 

10.017928 

10.017965 

10.018002 

10.018039 

10.550946 

IO’55°515 

10.550085 

IO-549655 

10.549225 

40 

39 

38 

36  : 

25  9.45 1204 

26  9.451632 

27  9.452060 

28  9.452488 
299.452915 

IP  9-4S3342 

9.469280 
9-469746 
9.47021 1 
9.470676 
9.47H41 
9.471605 

IO-53°72o 

IO-53°254 

10.529789 

10.529324 

10.528859 

1 0.528395 

10.018076 
10.0181 14 
10.018151 
10.018188 
10.018226 
10.018263 

10.548796 

10.548368 

10.547940 

IO-S475 12 
10.547085 
10.546658 

35;: 

34 ; 
33 . 
32 . 

31 ; 

30 . 

Sine 

Tangent 

1 

Secant 

S  ' 
S' 

p 

a 

CO 

73  Degrees. 

Tangents,  and  Secants.  (  39 1  <) 

1 6  Degrees. 

Sine 

Fangent 

Secant 

5  9-45  3  34“ 

9.453768, 

i  9-454*94 

t  9.454619. 
f  9.455044 

■9-455469 

i 9.455893 
79.45631b 

B  9-456739 

b  9.457 162 

?-98i737 

7.981699 

7.981662 

3.981625 

9.981587 

9*98 1 5  49 

9.981512 

9.981474 

9.981436 

9.981399 

2-471605 

2-472068 

>472532 

>472995 

>473457 

9-47  39 1 9 
>474381 

9.474842 

9-4753°3 

9-475763 

10.528395 

10.527932 

10.527468 

10.527005 

10.526543 

0.018263 
0.018301 
0.018338 
io. 018375 
10.018413 

0.546058  30 
10.546232  29 
10.545806  28 

IO-54538 1  27 
10.544956  26 

10.526081 

10.525619 

10.525158 

10.524697 

10.524237 

10.01845 i 
10.018488 
10.018526 
10.018564 
10.018601 

10.544531  z5 

1  °- 5  441  °7  ]  24 

1  °.543684'  2  3 
10.5437.61^22 
10.542838  21 

0  9-45  7  5  84 

i  9.45 S006 
29.458427 
3  9458848 
^9.459260 

5  9-459^88 

6  9.460108 
-  9.460527 
8  9.46094  - 
n  9.461 364 

9.981361 
9.981323 
9.981285 
9.981247 
o. 081209 

9.476223 

9.476683 

9.477142 

9.477601 

9.478059 

‘0.523777 
10.523317 
10.522858 
10.522399 
10.521941 
10.521483 
10.521025 
10.520568 
10.5201 1 1 
10.519655 

10.018639 

10.018677 

10.018715 

10.018753 

10.018791 

10.542416  20 

10.541994  19 
io-54i573  18 
10.541 152  17 
10.540732  16 

9.98 1x71 
9.981 133 
9.981095 
9.981057 
q.q8ioiq 

9.478517 

9.478975 

9-4^9432 

9.479889 

9.480345 

10.018829 

10.018867 

10.018905 

10.018943 

10.018981 

10.540312  iS 
10.539892  I4 

‘0-539473  13 
10.539054  12 

IO.538636  j  1 

109461782 
1  9.462199 
.  9.462616 
39.463032 
49.463448 

15  9.463364 

6  9-46427S 

7  9.46469. 
•g  9.465 10b 
99.465522 
in  q.4-6cq  V 

9.980980 
9.980942 
9.980904 
9.980866 
9.980827 
9.980789 
9.98075 1 

.9.980712 

9.980673 

9.980635 

9.98059b 

9.480801 

9.481257 

9.481712 

9.482167 

9.482621 

10.519199 
10.518743 
10.5 1 8288 
10.517833 
10.517379 

10.0190Z0 

10.019058 

10.019096 

10.019135 

10.019173 

10.538218  jo 

10.537801  9 

10.537384  8 

10.536968  7 

10.536552  6. 

9.483075 

9.483529 

9.483982 

9.484435 

9.484887 

9-485335 

10.516925 
10.516471 
10.516018 
10.515565 
10.5151 13 

10.514661 

10.019211 

10.019245 

10.01928E 

10.019327 

io.oi936_ 

J 1 0.0 1 940. 

10.536136  5 

10.535721  4 

10.535306  3 
10.534892  2 

IO-534478  1 
1.10.534065  0 

Sine 

Tangent 

Secant  g' 

rr 

73  Degrees. 


B  b  4 


(  392  ) 


A  Table  of  Artificial  Sines, 


17  Degrees. 


y. 466348  9.980558. 


Sine 


9.466761  _ 

39.467173  9.9S0480 
9.467585 
5  9.467996  9.980403  9.487593 


9.468407 


7  9.468817  9.980325  9.488492 


8  9.469227 


9  9.469637  9.980247  9.489390 


9.470046  9.980208  9.489838 
9.470455 
9.470863 

13  9-47I27I 

14  9.471678  9.98005^  9.491627 

15  9.4720869.980012 

10 


179.4728989.979934 


9.472492 


9.473710 


9.4745 J9 
9- 474923 
9-475327 
9-47573° 


9.9803649.488043 


9.980286  9.488941 


9-979973 


9-476i33  9-9796iS  9-496515 


269.476536 


9.476938  9.979539 


27 

28  9-47734° 

29  9-47774' 
309.47814 


T  angent 


9.485791 


9.492073 

9.492519 

9.492965 


9.9797769.49474 

9-979737  9-495 186 

9.979697  9.495630 


9.979658 


9.979578 


9.979499 

9-979459 

9-9794'9 


Sine 


9.496073 


9.496957 

9-497399 

9.49784! 

9.498282 

9.498722 


Secant 

10.514661 
10.5 14209 
i°-5 '375s 

1  °*5 1 3  3°7 
10.5 12857 

10.01 94^4 
10.019442 
10.019481 
10.01952c 
10.019.59 

10.5 12407 
1  °-5 1 1 957 
10.5 11508 
10.5 1 1059 
10.5 10610 

10.019597 

10.019036 

10.019675 

10.019714 

10.019753 

10.510162 

10.509714 

10.509267 

10.508820 

10.508375 

10.019792 

10.019031 

10.019870 

10.049909 

10.019948 

10.507927 

10.507481 

10.507035 

10.506590 

10.506146 

10.019988 

10.020027 

10.020066 

10.020105 

10.020145 

10.505701 

10.505257 

10.504814 

10.50437° 

10.503927 

10.020184 

10.020224 

10.020263 

10.020303 

10.020342 

10.503485 

10.503043 

10.502601 

10.502159 

10.501718 

10.501278 

10.020382 

10.020422 

10.020461 

10.020501 

10.020541 

10.020581 

^Tangent 

f 

10.534065  60 
1  °-5 3 365 2  59 

IO-533239 
10.532827 
10.532415 


10.532004 

1  °-5  3 1 593 
10.531 183 

lo-53°773 

10530303 


10.529954 
10.529545 
10.529137 
10.528729 
1 0.528322 


10.527914 

10.527508 

10.527102 

10.526696 

10.526290 


10.525885 
10.525481 
10.525077 
10.524673  37 
10.524270 

10.523867 
10.523464 
10.523062 
10.522660 
10.522259 
10.521858  30 


Secant 


56 

55 

54 

53 

52 

5i 

50 

49 

48 

47 

i6 

45 

44 

43 

42 

4£ 

40 

39 

38 


3^ 

35 
34 
33 
3  2 
3' 


72  Degrees. 


■■ 


Tangents,  and  Secants. 

(  393  ) 

1 7  Degrees. 

9-9793^° 


9-478i42 
9.478.54.2 

9.4789429.979340 

9-479342 
349-479741 
35 


Sine 


9.480140 
9.48053b 
9.480937 

9-43i334 
9.481731  9-979°59 


Tangent 


9.979419  9.498722 


9-499 l63 
9.499603 
9.9793009.500042 
9.979260  9.500481 


9.979220  9.500920 
4.9791809.501359 
9.979140  9.5o,797 
9.9791009.502235 


9.50267 

9.482128  9-9790199.503109 
9.482525  9.9789799.503546 
9.482921  9-978939  9-5°3982 

9.483316  9.978898  9.504418 
9.483712  9.978858  9.504854 


3° 

37 

38 

39 
4° 

41 

42 

43 

44 

45  9.484107  9.978817  9.505289 

46  9.484501  9.978777  9-5°5724 
479.484895  9-978736  9.506159 

.8  9.485 289I9.978696  9.506593 
.9  9.48568219.978655  9.50702 
7^  -  .02—T.! - r 

51 

52 

53 

54 

55 


9.4860759.978615 


9.486467 


9.4868599.9785339.508326 


9-978574 


9.48725 1 
9.487643 


10.501278 

10.500837 

10.500397 

10.499958 

IO-4995 1 9 


Secant 


10.020581 

10.02062c 


10.521858 

10.521458 


10.499080 

10.498641 

10.498203 

10.497765 

10.497328 


9.50746° 

9.507893 


9.978493 

9.978452 


9.4880339.978411  9.509622 
6  9.488424 9.978370  9.5 1.0054 
9.4888  i4l9-978329  9.5 10485 
9.489204:9.978288  9.510916 


9.48959319-978247 


9. 489982  9. 978206  9.511776 


Sine 


9.508759 

9-5°9I9I 


10.0207&0 

10.020820 

10.020860 

10.020900 

10.020941 


10.496891 
10.496454 
10.496018 
10.4955S2 
10.495 146 


10.494711 

10.494276 

10.493841 

10.493407 

10.492973 


10.020660  10.521058 
IO.O2070O  IO.520658  : 
IO.02074O  IO.520259 
IO.5  I9860  . 
IO.5  19^.62 
IO.5 19063 
IO.5I8666  . 
IO.518269 
IO.5 I7872 

1  °-5 1 747  5 
10.5 17079 
10.5 16684 
10.5 16288 
10.5 15893 

IO-5 15499 
10.515105 
10.5 14711 
10.514318 

10.513925 

1  °-5 1 353  3 
10.513141 
10.312; 


10.02090 < 
10.021021 
10.021061 
10.021 102 
10.021 142 


10.492540 
10.492107 
10.491674 
1 0.49 1 24 1 
10.490809  10.021548 


10.021 183 
10.021223 
10.021264 
10.021304 
io.o2i345 
10.021385 
10.021426 
10.021467 
10.021507 


9.5  I!  346 


10. 490378,10. 021589 
IO.489946  IO.C2IO30 
IO.4895I5  IO.02167I 
IO.489084  10.021712 
IO.488654  IO.O2I753 
IO.488224  IO.O2I794 


Tangent 


10.51 23  57 
10.5 11967 
10.511576 
IO.5  !  1 186 
IO.5 10796 

IO.5 I0407 

IO.5 10018 


< 


Secant  ® 


7 2  Degrees. 


I* 


■  ,  W  W 

m  - 


■1 


(  394  )  A  Table  of  Artificial  Sines, 

-  ■  -  -  ■  — • 

1 8  Degrees. 

3 

o 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

H 

>5 

16 

17 

18 
£9 

20 

21 

22 

23 

j24 

126 

!27 

z8 

29 

3£ 

Sine 

Tangent 

Secant 

oc 

59 

58 

57 

S6 

55 

54 

53 

52 

st 

5° 

49 

48 

47 

46 

45 

44 

43f 

42 

41 

40 

39 

3S 

37 

35 

34 

33 

32 

3* 

3° 

§ 

3 

C 

n> 

9.489982 

9-49°37I 

9.490759 

9-49**47 

9-49*534 

9.978206 
9.978165 
9.978124 
9.97808 j 
9.978042 
9.978001 

9-977959 

9.977918 

9.977878 

9-977335 

9.511776 
9.512206 
9.512635 
9.513064 
9-5 1 3493 

10.48822/ 

10.48779/ 

10.487365 

10.486936 

10.486507 

10.021794 

10.021835 

10.021876 

10.021917 

10.021958 

10.5 10018 
10.509629 
10.509241 
10.508853 
10.508466 

9,49192" 

9.492308 

9.492695 

9.493081 

9.493466 

9.51392! 

9-5*4349 

9-5*4777 

9.51520/. 

9.515631 

10.486079 

10.485651 

10.485223 

10.484796 

10.484369 

10.021999 

10.022041 

10.022082 

10.022122 

10.022165 

10.508078 

10.507692 

IO-5°73°5 

10.506919 

10.50653/ 

9.493851 

9.494236 

9.494620 

9.495005 

9.495388 

9-977794 
9.977752 
9.9777  IX 
9.977669 
9  97762* 

9.516057 
9.51648/. 
9.5 16910 

9-5*7335 

9.517761 

10.48394; 

10.483516 

10.483090 

10.482665 

10.482239 

10.022206 

10.02224S 

10.022289 

10.022351 

10.022572 

10.022414 

10.022456 

10.022497 

10.022539 

10.022581 

10.506149 

10.50576/ 

10.50538c 

10.504995 

10.504612 

9-495772 
9-496 1 54 
9-496537 
9.496919 
9.497301 

9.977586 

9-977544 

9-9775°3 

9.977461 

9-9774I9 

9.5 18185 
9.518610 
9.519034 
9.5*9458 
9.519882 

10.481815 
10.481390 
10.480966 
10.480542 
10.4801 18 

10.504228 

10.503846 

10.503463 

10.503081 

10.502699 

9.497682 

9.498063 

9.498444 

9.498824 

9.499204 

9-977377 

9-977335 

9.977293 

9.977251 

9.977209 

9.520305 

9.520728 

9.521151 

9-52*573 

9.521995 

1 0.479695 
10.479272 
10.478845 
10.478427 
10.478005 

10.022623 

10.022665 

10.022707 

10.022749 

10.022791 

10.502318 
10.50*937 
10.501556 
10.501 176 
ic. 500706 

9.499584 

9.499963 

9-5o°342 

9.50072] 

9.501099 

9.501476 

9.977167 

9.977125 

9.977083 

9.977041 

9.976999 

9-976957 

9.522417 

9.522838 

9-523259 

9.523679 

9.524100 

9.524520 

10.477583 

10.477162 

*0.476741 

10.476321 

10.475900 

10.475480 

10.022833 

10.022875 

10.022917 

10.022955 

10.023001 

10.023043 

10.500416 

10.500037 

10.499658 

10.499279 

10.498901 

10.498524 

Sine 

Tangent 

Secant 

71  Degrees. 

Tangents,  and  Secants.  (  395  ) 

• 

18  Degrees. 

Minutes 

Sine 

Tangent 

Secant 

30 

29 

28 

ll 

3° 

3 1 

32 

33 

3+ 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

9.501476 

9-5oi854 

9.502231 

9.502607 

9.502984 

9.976957 

9.976914 

9.976872 

9.976830 

9.976787 

9.524520 

9-524939 

9-525359 

9.525778 

9.520197 

10.475480 

10.475061 

10.474641 

10.474222 

IO-4738o3 

10.023043 

10.023086 

10.023128 

10.023170 

10.023213 

10.498524 

10.498146 

IO-497769 

IO-497393 

10.497016 

9.9-6745 

9.976702 

9.976660 

9-9766i7 

9.976574 

9.976532 

9.976489 

9.976446 

9.976404 

9.976361 

9.526615 

9-527°33 

9.527451 

9.527868 

9.528285 

IO-473385 
40.472967 
10.472549 
10.4721 <2 

1  o-47 1 7 1 5 

10.023255 

10.023298 

10.023340 

10.023383 

10.023426 

10.49664 0 

10.496265 
10.495890 
10.495515 
10.495  r4° 

25 

24 

23 

22 

21 

20 

l9 

18 

*7 

16 

*5 

H 

*3 

12 

1 1 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

c 

2 

3 

C 

r-t 

n> 

cc 

9.50336° 

9-5°3735 
9.5041 10 
9.504485 
9.504860 

9.505234 

9.505608 

9.505981 

9.506354 

9.506727 

9.528702 
9. 529119 

9-529535 

9,52995° 

9.530366 

10.471298 

10.470881 

10.470465 

10.470050 

10.469634 

10.023468 
10.0235 1 1 
10.023554 
10.023596 
10.023639 

10.494766 

10.494392 

10.494019 

10.493646 

IO-493273 

9.507099 

9.507471 

9.507843 

9.508214 

9.508585 

9.976318 

9.976275 

9.976232 

9.976189 

9.976146 

9.530781 

9.531196 

9.531611 

9.532025 

9-532439 

10.469219 

10.468804 

10.468389 

10.467975 

10.467561 

10.023682 
10.023725 
10.025768 
10.02381 1 
10.023854 

10.492901 

10.492529 

10.492157 

10.491786 

10.491415 

5° 

5 1 

52 

53 

54 

% 

58 

59 

60 

9.50895  6J9-976 1  <03 
9.509326^:976060 
9. 50969^9. 97601 7 
9.510065  9.975974 
9-5 ‘0434  9.97593c 

9-532853 

9.533266 

9-53  3679 

9.534092 

9-5345°4 

10.467147 

10.466734 

10.466321 

10.465908 

10.465496 

10.023897 

10.023940 

10.023983 

10.024026 

10.02407c 

10.491044 

10.49067, 

10.49030, 

10.489935 

10.489566 

9.510803 
9.5 1 1 172 
9.51154c 
9.511907 
9.5 1 2275 

9.5 12642 

9.975887 

9.975844 

9.97580c 

9-975757 
9-97571 3 
9.97567c 

9.534916 

9-535328 

9-535739 

9.53615c 

9.536561 

9.536972 

10.465083 

10.464672 

10.464.261 

10.46385c 

i°-46343S 

10.463028 

110.0241 1 5 
10.024156 
10. 02420c 
'10.024243 
10.024287 
10.02433c 

10.489197 

10.48882b 

10.48846c 

10,488093 

10.487725 

10.48735L 

Sine 

Tangent 

Secant 

71  Degrees. 

[  (  396  ) 

A  Table  of  Artificial  Sines, 

1 

t 

19  Degrees. 

2 

5 

p 

r~T 

a 

c/> 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

H 

15 

16 

17 

18 
J9 

20 

21 

22 

23 

e 

t2> 

r-6 

,27 

fzS 

29 

3£ 

Sine 

Tangent 

Secant 

60 

59 

58 

57 

5_6 

55 

54 

53 

S2 

51 

9.5 12642 
9.513009 
9-5I3375 
9-51374I 
9-5  j4io7 

9-97567° 

9.975026 

9-975  5  83 
9-975539 
9.975496 

9.536972 

9-537332 

9-S37792 

9.538202 

9.538611 

10.463028 

10.462618 

10.462208 

10.461798 

10.461389 

10.024330 

10.024374 

10.024417 

10.024461 

10.024504 

10.487358 

10.486991 

10.486625 

10.486259 

10.485893 

9-5H472 

9*5I4837 

9.5  15202 
9-5  r5566 
9-5 1593° 

9-975452 

9.975408 

9-975365 

9.975321 

9-975277 

9.53902° 

9-S.39429 

9-539837 

9.540245 

9.540653 

10.4609S0 

10.460571 

10.460163 

io-459755 

IO-459347 

10.024548 

1.0.024392 

10.024635 

10.024679 

10.024723 

10.485528 
10.485 163 
ic. 484798 
10.484434 
10.484070 

9.516294 
9.516657 
9.5 17020 
9. 5^382 
9-5 1 77 45 

9-975233 

9.975189 

9-975  HS 
9-975101 
9-97S°5.7< 

9.541061 
9.541468 
9 : 5  4 1 8  7  5 

9.542281 

'9.542688 

10.458939 

10.458532 

10.458125 

10.457719 

10.457312 

10.024767 
10.02481 1 
10.024855 
10.024899 
10.024943 

10.483706 

IO-483343 

10.482980 

10.482618 

10.482255 

5 0 
49 
48 

47 

46 

9.518107 
9.5 18468 
9.518829 
9.519190 
9-5  r955 1 

9-97  5  P?  3 
9.974969 

9-974925 

9.974880 

9.9.74836 

9.543094 

9-543499 

9-543905 

9.544310 

9-5447 1 5 

10.456906 

10.456501 

10.456095 

10.455690 

10.455285 

10.024987 
10.025031 
10.025075 
10.025120 
10.025 164 

10.481893 
10.481532 
10.481 171 
10.480810 
10.480449 

45 

44 

43- 

42’ 

4i 

9-5 1991 1 

9.520277 
9.520631 
9.52099a 
9-5  “ 1 549 

9.974792 

9-974747 

9-9747°3 

9.974659 

9-9746l4 

9-545 1  *9 
9-S45524 
9.545928 

9-54633 1 

9-546735 

10.454881 

10.454476 

10.454072 

10.453669 

10.45326; 

10.025208 

10.025253 

10.025297 

10.025341 

10.025386 

10.4S0089 
10.479729 
10.479369 
10.479010 
10.47865 1 

40 

39 

38 

37 

36 

9.521707 
q. 522066 
9.522423 
9.52278 1 
9  -  5 2  3 1 3  8 
9-523495 

9-97457 jf' 

9-9745^ 

9-9744/1 

9-974J36 

9-97091 

9'9jp47 

9-547 1 38 
9.547540 

9-547943 

9-548345 

9.548747 

9-549H9 

10.452862 
10.452460 
10.452057 
10.45 1655 
10.451253 
10.45085 1 

10.02543c 

10.025475 

10.025519 

10.025564 

10.025609 

10.025653 

10.478293 

10.477934 

IO-477577 

10.477219 

10.476862 

IO-4765°5 

35 

34 

33 

32 

31 

3g 

§ 

5 

e 

a 

c/i 

/ 

'/Sine 

* 

Tangent 

Secant 

70  Degrees. 

3° 

31 

32 

33 

34 


Sine 


35|9-525275 

36;9  52563° 


Tangent 


9.523495  9-974347  9-549*49 
9.523852  9-974302  9-54955° 
9.524208  9-974257  9-54995 1 
9.524564  9-974212  9-55 °3S2 
9.524920  9-974167  9-55°752 


9.974122  9.551152 

9-974°77  9*5 5 1 5 5 2 
3719.525984  9-974°32  9-5SI9S2 
3819.526339  9-9739^7  9-5 S235 1 
39  9.526693  9-973942  9-55275° 

4019.527046  9-973897  9*553 1 49 


41  9.527400 
429-527753 
43.9-528ioS 

449^528458 

4519. 528810 
46  9.529161 


9.9738529.553548 
9.973807 

9-97376 1  _ 

9-9737  ;6  9-55474' 

9-97367! 


48  9.529864  9-973535 

49  9.5 3°21 5  9~973489 1 
509.530565  9-973443  1 
519. 530915  9-9733 
5219.531265  9-97 33 5 2  ' 
53!9.53i6i49-9733°7 1 
54'9-53 1 963  9-973261 


55’9-5323*z 

56,9-532661 

5719-53  3009 
58.9*533357 
59  9-5337°4 
609.534052 


9-9732I5  5 

9.973169 ( 

9-973IZ4; 


9.973032. 


Sine 


Secants. 

(  397  ) 

egrees. 

1 

Secant 

10.45085 1 

10.025653 

10.476505 

3° 

10.4.304.3° 

10.025698 

10.476148 

29. 

10.4.30049 

10.025743 

1  °-47  5792 

28 

10.449648 

10.025788 

10.475436 

2  7 

10.449248 

10.025833 

10.475080 

26 

10.448848 

10.025878 

IO-474725 

25 

10.44844S 

10.025923 

10.474370 

24 

10.448048 

10.026968 

10.474016 

23 

10.447649 

10.026013 

10.473661 

22 

10.447230 

10.026058 

10.473307 

2 1 

10.44685 1 

10.026103 

10.472954 

20 

10.446432 

10.026148 

10.472600 

l9 

10.446034 

10.026193 

10.472247 

18 

10.445656 

10.026239 

10.471895 

'7 

io-445259 

10.026284 

10.471542 

16 

10.444861 

10.026329 

10.471 190 

!  5 

10.444464 

10.026375 

10.470839 

12. 

10.444067 

10.026420 

10.470487 

*3 

10.44367 1 

10.026465 

10.470136 

12 

IO-443275 

10.0265 1 1 

10.469785 

1  1 

10.442879 

10.026557 

10.469435 

10 

10.442483 

10.026602 

10.469085 

9 

10.442088 

10.026648 

10.468735 

8 

10.441692 

10.026693 

10.468386 

7 

z  10.441298 

10.026739 

10.468037 

6 

7  10.440903 

10.026785 

10.467688 

5 

10.440309 

10.02683 1 

10.467339 

10.440115 

10.026876 

10.466991 

3 

?  10.43972 1 

10.026922 

10.46664; 

2 

3  IO-439327 

10.026968 

10.466296 

1 

6  10.438935 

10.027012 

10.46594^ 

0 

Tangent 

Secant 

• 

rc 

yj 

70 


Degrees. 


l-ffl 


I 


(  398  )  A  Table  of  Artificial  Sines, 

20  Degrees. 

[Minutes 

Sine 

* 

Tangent 

Secant 

60 

59 
5  8 
57 
S± 

55 

54 

53 

52 

si 

0 

1 

2 

3 

4 

9-534°?2 

9-534399 

9-534745 

9-535°92 

9-535437 

9.972986 

9.972940 

9.972894 

9.972848 

9.972802 

9-972755 

9.972709 

9.972663 

9.972617 

9.972570 

9.561066 
9.561459 
9.56185 1 
9.562244 
9.562636 

10.438934 
10.438541 
10.438140 
10.437756 
1 0-4373 64 

10.027014 

10.027060 

10.027106 

10.027152 

10.027198 

10.465948 

10.465601 

10.465255 

10.464908 

10.464563 

s 

6 

7 

8 

9 

9-535783 
9-53  6l29 
9-536474 
9.536818 
9.537163 

9.563028 

9-5634i9 
9.56381 1 
9.564202 
9.564592 

io-43697z 

10.436581 

10.436189 

10.435798 

10.435408 

10.027245 
10.02729 1 
10.027337 
10.027383 
10.027430 

10.464217 
10.463871 
10.463526 
10.463 182 
10.462837 

10 

1 1 

12 

13 

H 

'5 

16 

17 

18 

£9 

20 

21 

22 

23 

24 

9- 5375°7 
9-53785i 
9.538194 

9-538538 

9.538880 

9.972524 
9.972477 
9.972431 
9-972385 
9-97  23  3  8 

9.564983 

9-565373 

9.565763 

9.566153 

9.566542 

10.435017 

10.434627 

IO-434237 

i°-433847 

IO-433458 

10.027476 

10.027523 

10.027569 

10.027615 

10.027662 

10.462493 
10.462149 
10.461806 
10.461462 
10.461 120 

5° 

49 

48 

47 

46 

45 

44 

43 

42 

ii 

40 

39 

38 

37 

36 

35 

34 

33 

32 

3i 

3° 

S 

3 

c 

Q 

CO 

9.539223 

9-539565 

9-5399°7 

9.540249 

9.540590 

9.972291 

9.972245 

9.972198 

9-972I51 

9.972105 

9.566932 

9.567321 

9.567709 

9.568098 

9.568486 

10.433068 
10.432679 
10.432291 
10.43 1902 
10.431514 

10.02770 9 
10.027755 
10.027802 
10.027849 
10.027895 

10.460777 

10.460435 

10.460093 

10.459751 

10.459410 

9.540931 
9.541272 
9. 5416^ 

9-54I953 

9.542293 

9.972058 
9.97201 1 
9.971964 
9.971917 
9.971870 

9.568873 

9.569261 

9.569648 

9.570035 

9.570422 

10.431 127 
io-43°739 

10.430352 

10.429965 

10.429578 

10.027942 

10.027989 

10.028036 

10.028083 

10.028130 

10.459069 

10.458728 

10.458387 

10.458047 

10.457707 

25 

20 

27 

28 

29 

30 

9.542632 

9.542971 

9-5433io 

9-543649 

9-543987 

9-544325 

9.971823 

9.97177b 

9.971729 

9.971682 

9-97 1 63  5 
9.971588 

9.570809 

9.571195 

9  ■  5  7 1 5  8 1 
9.571967 
9.572352 
9.572738 

10.429191 

10.428805 

10.428419 

10.428033 

10.427648 

10.427262 

10.028177 

10.028224 

10.028271 

10.028318 

10.028365 

10.028412 

IO-457  363 
10.457029 
10.456690 

IO-45635i 

10.456013 

10.455675 

Sine 

\ 

Tangent 

Secant 

69  Degrees. 

I 

■ 


Tangents,  and  Secants.  (  399  ) 

20  Degrees. 

s 

3* 

C 

r*r 

tt» 

3° 

31 

32 

33 
U- 

Sine 

Tangent 

Secant 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

'9 

18 

'7 

16 

'5 

'4 

>3 

12 

1 1 

10 

9 

8 

7 

6 

5 

4 
3 

2 

1 

0 

1 

5 

c 

n> 

t/> 

9-5  44  3  z5 
9.544663 

3.545001 

9-54S338 

3.C4<:674 

9.97158s 

9.97154° 

?-97'493 

9.971446 

9-97I398 

9-572738 
9-573 1 25 
9-57  3  5°7 
9-573892 

9.574276 

10.427262 

10.426877 

10.426493 

1^.426108 

10.425724 

10.028412 

10.028460 

10.028507 

10.028554 

10.028602 

10.455675 

IO-455337 

10.454999 

10.454602 

10.454326 

359.546°!! 

369.546347 

37I9.546683 

38|9-547OI9 

39j9-547354 

4°;9-547689 
4i;9- 548o24 
42I9.548358 

439-548693 

449.549027 

45  9-54936o 

469.549693 
479.550026 
48  9-55°359 

499. 5  5  069  2 

9-97 135 1 

9-97'3°3 
9.971256 
9.971208 
9.971 161. 

9.574660 
9-575°44 
9-575427 
9-57  5 8 1 0 
9-576'93 

10.425340 

10.424956 

10.424573 

10.424190 

10.423807 

10.028649 

10.028697 

10.028744 

10.028792 

10.028839 

IO-453989 

10.453653 

1  °-4533 '7 
10.452981 
10.452646 

9-97 1 1 1 3 
9.971065 
9.971018 
9.97097° 
9.970922 

9.576576 

9.576958 

9-57734' 

9-577723 

9.578104 

10.423424 

10.423042 

10.422659 

10.422277 

10.421896 

10.028887 

10.02S935 

10.028982 

10.029030 

10.029078 

10.45231 1 
'0.451976 
10.451642 
IO-45 1307 
10.450973 

9.970874 

9.970826 

9.970779 

9-970731 

9.970683 

9.578486 

9.578867 

9.579248 

9.579629 

9.580009 

10.4215 14 
10.421133 
10.420752 
10.420371 
10.419991 

10.029126 

10.029174 

10.029221 

10.029269 

10.029317 

10.450640 

10.450307 

10.449974 

10.449641 

10.449308 

10.41961 1 
10.419231 
10.41885 1 
10.41347Z 
10.418093 

10.029365 
10.029414 
10.029462 
10.0295  io 
10.029558 

10.448976 

10.44864/ 

10.448313 

10.447982 

10.447051 

509.551024 

51:9.551356 

52|9-55l687 

-■3.9.552018 

ca!o.t;<2?4Q 

9.970635 

9.970586 

9-97°538 

9.97049° 

9.970442 

9.580339 

9.580769 

9-5SII49 

9.58152S 

9-58i9°7 

56 

57 

58 

39 

60 

9.55268c 

9-553010 

9-553341 

,9.553670 

9-554ooc 
9-5543  29 

9.970394 

9-97°345 

9.970297 

9.970249 

9.97020c 

9.970152 

9.582286 

9.582665 

9.583043 

9.583422 

9.583800 

9.584177 

io-4'77'4 

'°-4'7335 

10.416957 

10.416578 

10.41620c 

10.415823 

10.029606 
10.029655 
10.029703 
10.02975 1 
10.02980c 
10.029848 

10.44732c 
10.44699c 
10.446659 
10.44633c 
10.44600c 
10.44567 1 

Sine 

T  angent 

Secant 

69  Degrees. 

(  4°°  )  A  Table  of  Artificial  Sines, 


21  Degrees. 


s 

5 

a 

a> 

c /> 

Sine 

Tangent 

- 

Secant 

60 

59 

58 

57 

56 

55 

54 

53 

52 

5° 

49 

48 

47 

46 

45 

44 

43 

42 

11 

40 

39 

38 

37 

36 

o 

1 

2 

3 

4 

9-5S4329 

9.554658 

9.554987 

9-555315 

9-555^43 

9.970152 

9.970103 

9.970055 

9.970006 

97969957 

9.969909 
9.969860 
9.969  8 1 1 
9.969762 
9.969714 

9-584I77 

9-5s4555 

9.584932 

9.585309 

9.585686 

10.415823 
10.415445 
10.41 5068 
10.414691 
10-414314 

10.029848 
10.029897 
10.029945 
1 0.029994 
10.030043 

10.44567 1 

IO-445342 

10.445013 

10.444685 

10444357 

10.444029 

IO-4437°i 

10-443374 

10.443047 

10.442720 

5 

6 

7 

8 

9 

9-555971 

9.556299 

9.556626 

9-556953 

9.557280 

9.586062 

9.586439 

9.586815 

9.587190 

9.587566 

1  °-4 1 393  S 
10.413561 
10.413185 
10.412810 
10.412434 

10.030091 

10.030140 

10.030189 

10.030238 

10.030286 

10 

1 1 

I  2 

*3 

H 

‘5 

16 

J7 

18 

*9 

9.557606 

9-557932 

9.558258 

9-558583 

9.558909 

9.969665 

9.969616 

9.969567 

9.969518 

9.969469 

9.587941 
9.5883 16 
9.588691 
9.589066 
9.589440 

10.412059 
10.41 1684 
10.41 1309 
10.410934 
10.410560 

IO-°3°335 
10.030384 
10.030433 
10.030482 
IO-°3°53 1 

10.442394 

10.442068 

IO-44I742 

10.441417 

10.441091 

9-559234 

9.559558 

9-559883 

9.560207 

9.560531 

9.969420 

9.969370 

9.969321 

9.969272 

9.969223 

9.589814 

9.590188 

9.590562 

9-59°935 

9.594308 

9.591681 

9.592054 

9.592426 

9.592798 

9-593I7° 

10.410186 

I0.409812 

10.409438 

10.409065 

10.403692 

10.030580 

10.030630 

10.030679 

10.030728 

10.030777 

10.4407 66 
10.440442 
10.4401 17 

IO-439793 

10.439469 

20 

21 

22 

23 

24 

9.560855 
9.561 178 
9.561501 
9.561824 
9.562146 

9-969i73 

9.969124 

9.969075 

9.969025 

9.968976 

10.408319 

10.407946 

10.407574 

10.407202 

10.406830 

10.030827 

10.030876 

10.030925 

10.030975 

10.031024 

IO-439I45 

10.438822 

10.438499 

10.438176 

10.437854 

25 

26 

27 

28 

29 

3C 

9.562468 
9.562790 
9.5631 12 
9-563434 

9-563755 

9.564075 

9.968926 

9.968877 

9.968827 

9.968777 

9.968728 

9.968678 

9-593542 

9-5939*4 

9.594285 

9.594656 

9.595027 

9-595397 

10.406458 

10.406086 

1 0.4057 1 5 
10.405344 
10.404973 
10.404603 

10.031074 
10.031 123 
10.031 173 
10.03 1223 
10.031272 
10.03 1322 

10.437532 

10.437210 

10.436888 

10.436566 

10.436245 

IO-435925 

35 

34 

33 

32 

3* 

30 

g 

5' 

c 

rt 

Sine 

Tangent 

Secant 

68  Degrees. 

i 

i 

.  8 

l 

0 

1 

i 

c 

} 

t 

) 

.i 

) 

> 

I 
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Tangents,  and  Secants,  (  401  ) 

21  Degrees. 

% 

l  Sine 

1 

Fangem 

Secant 

3° 

29 

28 

27 

26 

z5 

24 

23 

22 

21 

10  9.1:64071; 

1  9.564396 
\z  9.564716 
59.565036 
49.565356 

j.  968678 

5.968628 

9.968578; 

9.968528 

9.968479 

P-595397 

9.595768 

9.596138 

9.596508 

9.5-96878 

10.404603 

10.404232 

10.403862 

10.403492 

10.403122 

10.031322 
10.031372 
10.03  H22 
10.031472 
10.03 1 521 

10.435925 

10.435604 

10.435284 

1 0.434964 
10.434644 

59.565676 
69.565995 
79.566314 
8  9.56663  z 
;9  9.56695  I 

9.968429 
9.968379  < 
9.968328 
9.968278 
9.968228 

?-597247 

9.597616 

9.597985 

9-59^354 

9.598722 

10.402753 

10.402384 

10.402615 

10.401646 

10.401278 

10.031571 
10.031621 
10.03 1672 
10.03 1722 
10.031772 

10.434324 

10.434005 

10.433686 

1  o-43  3368 
10.433049 

,09.567269 
.19.567587 
LZ  9.567904 
.3  9.568222 
49.568539 

9.968178 

9.968x28 

9.968078 

9.968027 

9.967977 

9.599091 

9-5994-59 

9.599827 

9.600194 

9.600562 

10.400909 

10.400541 

10.400173 

10.399806 

10.399458 

10.03 1822 
10.031872 
10.031922 
10.03 1973 
10.032023 

10.432731 

10.432413 

10.432096 

10.431778 

10.431461 

20 

l9 

18 

*7 

16 

.59.568855 
.6  9.569172 
yj  9.569488 
18  9.569804 
(.9  9.570120 

9.967927 

9.967876 

9.967826 

9.967775 

9.967725 

9.600929 
9.601 296 
9.60x662 
9.602029 
9.602395 

10.399071 

10.398704 

10.398338 

10.39797! 

10.397605 

10.032073 

10.032124 

10.032174 

10.032225 

10.032275 

i°-43 1 1 45 

10.430826 

10.430512 

10.430196 

10.42988c 

‘5 

14 

13 

12  , 

1 1 

iO 

9 

8 

7 

! 

6 

5 

4 

3 

2 

1 

0 

;°  9.570435 
;i  9.570751 
J2  9.571066 
S3  9-57i3So 
^49.571695 

9.967674 

Q.Q67623 

9-9^7573 

9.967522 

9.967471 

9.602761 
9.603 127 

9-'6o3493 

9.603858 

9.604223 

io-397239 

10.396873 

10.396507 

10.396142 

10.395777 

10.032326 

10.032377 

10.032427 

10.032478 

10.032525 

10.439565 

1 10.429245 
10.428932 
.  10.42802c 
10.428305 

559.572009 

569.572323 

579.572636 

589.572945 

59  9-573263 
?°  9-^73575 

9.967420 

9.967370 

9.967319 

9.967268 

9.967217 

.9.967166 

9.604588 

9.604953 

9.6053x7 

9.605682 

9.606046 

9.60641c 

10.395412 

.10.395047 

10.39468. 

i°.3943iS 

10-393955 

10.39359c 

10.032580  10.427991 
10.032630  10.3.2767; 
10.032681  10.42736/ 
10.032732  10.42705 
10,032783  10.42673; 
10. 03*2834  10.42642 

Sine 

Tangent 

Secant 

;e> 

■  T 

: 

68  Decrees. 


(  4°2  )  A  Table  of  Artificial  Sines, 

22  Degrees. 

2 

3 

C 

r& 

CO 

o 

1 

2 

3 

4 

Sine 

Tangent 

Secant 

6c 

59 

58 

57 

5^ 

55 

54 

53 

S2 

50 

49 

48 

47 

46 

45 

44 

43 

42 

4i 

9-573575 

9.573888 

9.5742°° 

9.574512 

9.574824 

9.967166 
9-967 1  *5 
9.967064 
9.967013 
9.966961 

9.606410 

9.606773 

9-6o7I37 

9.607500 

9.607863 

IO-39359° 

10.393227 
10.392863 
10.392500 
IO-392 1 37 

10.032834 

10.032885 

10.032936 

10.032987 

10.033039 

10.426425 
10.4261 12 
IO.42580O 
IO.425488 
IO.425 I76 

5 

6 

7 

8 

l_9 

10 

1 1 

I  2 

l3 

H 

J5 

16 

‘7 

18 

12 

9-575 1 36 
9-57545-7 
9-5  7575  ^ 
9.576068 

9-576379 

9.966910 

9.966859 

9.966807 

9.966756 

9.966705 

9.608225 
9.608588 
9.608950 
9.6093 12 
9.609674 

IO-39’775 

10.391412 

10.391050 

10.390688 

10.390326 

10.033090 

10.033141 

10.033193 

IO"°33244 

10.033295 

IO.424864 

IO.424553 

IO.424242 

10.423932 

IO.42362I 

9.576689 

9.576999 

9-577309 

9.577618 

9- 577927 

9.966653 

9.966602 

9.966550 

9.966499 

9.966447 

9.610036 
9.610397 
9.610759 
9.61  j  1 20 
9.61 1480 

10.389964 

10.389603 

10.389241 

10.388880 

10.388520 

IO-°33347 

IO-°33398 

I0-o3345° 

10.033501 

IO"°33553 

IO.4233II 

IO.423OOI 

IO.42269I 

IO.422382 

IO.422073 

9.578236 

9-?7v8545 

9.578854 

9.579162 

9.579469 

9.966395 
9.966344 
9.966292 
9.966240 
9.9661 88 

9.61 1841 
9.612201 
9.612561 
9.612921 
9.6x3281 

10.388159 

10.387799 

10.387439 

10.387079 

10.386719 

10.033605 

10.033656 

10.033708 

10.033760 

10.033812 

IO.42I764 
IO.42I455 
I  O.42I  I46 
IO.420838 
IO.42O53I 

20 

21 

22 

23 

H 

ZS 

26 

27 

-•28 

29 

30 

9-579777 

9.580085 

9.580392 

9.580699 

9.581005 

9.5  8 1 3 1 2 
9.581618 
9.581924 
9.582229 

9-s£*53S 

9.582840 

9.966137 

9.966085 

9.966033 

9.965981 

9.965928 

9.965876 

9.965824 

9.965772 

9.965720 

9.965668 

9.965615 

9.613641 

9.614000 

9.614359 

9.614718 

9.615077 

10.386359 

10.386000 

10.385641 

10.385282 

10.384923 

10.033863 

IO-°339I5 

10.033967 

10.034019 

10.034072 

10.420223 

10.419915 

IO.4I9608 

IO.4I93OI 

IO.418995 

40 

39 

38 

37 

36 

9-6i5435 
9-6i5793 
9.61615 1 
9.616509 
9.616867 
9.617224 

10.384565 

10.384207 

10.383849 

10.383491 

^°-383i33 

10.383776 

io.o34i24 

10.034176 

10.034228 

10.034280 

io-o34332 

10.034385 

IO.418688 

IO.4I8382 

IO.418076 

IO.4I7771 

10.417465 

10.41716c 

35 

34 

33 

32 

31 

30 

§ 

3' 

e 

r~t 

ft) 

c/> 

JSs : 

Sine 

Tangent 

Secant 

67  Degrees. 

9.58284.0 9-9'656i5  9-617224 

9.583145  9-9655^3  9.617582 

9.5834499-965511  9-6x7939 

„9-S83754  9-96S4^y-6^295 

34  9.484058  9-965406  9-618052 

9.584361  9-965  35  3 


35 


Tangents,  and  Secants, 


(  403  ) 


22  Degrees. 


Sine 


9.619008 

369.584665  9-965 3°‘  9-6i9865 

37  9.584968  9.965240  9.619721 

389-5852729-965195  9-620076 
39  9-5855749-965 H3  9  620432 
409.585877  9-965°9°-  .  - 

41  9.5861809.9650379.621142 


Tangent 


Secant 


10.382776 

10.382418 

10.382061 

10.381705 

10.381348 


10.034385 

10.034437 

10.034489 

io.o_j4542 

10.034594 


10.380992 

10.3806^5 

10.380279 

10.379924 

Io-379568 


429.5864829-9649849,621497 
43  9.5867849.964931  9.621852 
449.587085  9.964879  9.622207 

77  9.587386  9.964826  9.622561 

469.5876889.9647739-622915 

47  9.587988  9.964719  9.623269 

48  9.588289  9.964666  9.623623 

49  9.588590  9-9b46i 3  9-6^197^ 


10.379213 

10.378858 

10.378503 

10.378148 

10-377793 


50  9.588890  9.964560  9.624330 

51  9.5891909-9645079.624683 

52  9.589489  9-9644549-625036 

53  9-589789  9-9644' 

549.5900889.964347 


55  9-59°387 

g. 590656 
9.590984 
9.591282 
9.59158° 
9-59i878 


56 

57 
5« 

59 

60 


9.964294  9.626093 


9.625388 

9.625741 


9.964240 

9.964187 

9.964133 

9.964080 

9.964026 


9.626445 

9.626797 

9.627149 

9.627501 

9.627852 


10.417160  30 
10.416055  29 
28 

27 

26 


10.034647 

10.034699 

10.034752 

10.034705 

10.034857 


10.41655 i 
10.416240 
10.415942 
10.415639 

io-4i5335 

10.415032 

10.414728 

10.414426 


10.034910 
10.034963 
10.035016 
10.035069 
10.035 121 


10.414123  20 
10.413820  19 
10.413518  18 
10.413216 
10.41291 5 


16 


10-377439 

10.377085 

10.376731 

10.376377 

10.376024 

10.37567° 

10.375317 

10.374964 

10.374012 

10-374259 


10.373907 

io-373555 

10.373ZC.3 
10.37285 1 
10.372499 
10.372148 


10.035174  10.412614 
10.035227  10.412312 
10. 035281  10.41201 2 
10.035334  10.41 171 1  12 

io.o35387;io-4i  1410  11 


10.035440, 10.41 1 1 10  10 
10.03549  3  10.410810 
10.035546  10.4105 1 1 


10.035600 
10.035653 


10.41021 1 
10.409912 
10.409613 


Sine 


10.035706 

10.035760110.409314 
10.0358 1 3 1  10.409016 
10.035867!  10.4087 18 

10.035920!  10.408420 

10.03 59741 10.408 1 22  o 


Tangent 


Secant 


‘3 


67  Degrees. 


C  c  2 


Mi 


(  404  )  A  Table  of  Artificial  Sines, 

23  Degrees. 

§ 

5 

c 

eS 

tn 

O 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 
i‘3 

|h 

*s 

16 

*7 

18 

£2 

20 

21 

22 

2  3 

25 

i6 

~7 

28 

29 

30 

Sine 

Tangent 

Secant 

-> 

a 

1 

a 

65; 

% 

56; 

55: 

54; 

$ 

S 

49 

4'S 

47 

46 

45 

44 

43 

42 

4 M 

40 

39 

38 

37 

3_6 

35 

34  ; 
33 

32 

31 

3£ 

g 

r? 

9.591878 

9.592175 

9.592473 

9.592770 

9.593067 

9.964026 

9.963972 

9  •9639i9 
9.963865 
9.963811 

9.627852 

9.628203 

9.62855! 

9.628905 

9.629255 

10.372148 

10.371797 

10.371446 

10.3710QC 

IO-37°745 

10.035974 

10.036028 

10.036081 

10.036135 

10.036189 

10.408122 

10.407825 

10.407527 

10.407230 

10.406933 

9-593363 

9.593659 

9-593955 

9.594251 

9-5945r47 

9.963757 

9.963705 

9.96365c 

9.963596 

9.963542 

9.629606 

9.629956 

9.630306 

9.630656 

9.631005 

IO-37°394 

10.370044 

10.369694 

10.369344 

10.368995 

10.036243 
10.036296 
1 0.036350 
10.036404 
10.036458 

10.406637 
10.406341 
10.406045 
1 0.405749 
10.405453 

9-59+842 

9-595137 

9-S95432 

9-595727 

9.596021 

9.963488 

9-963434 

9-963379 

9-963325 

9.963271 

9-^3 1 354 
9.631704 
9.632053 
9.632401 
9.63275° 

10.368646 

10.368296 

10.367947 

10.367599 

10.367250 

10.036512 

10.036566 

10.036621 

10.036675 

10.036729 

10.405158 

10.40486,3 

10.404568 

10.404273 

10.403979 

9-5963  J5 

9.596609 

9.596903 

9-597!96 

9.597490 

9.963217 
9.963162 
9.963  {08 
9.963054 
9.962999 

9.633098 

9-633447 

9-633795 

9.634143 

9.634490 

10.366902 

10.366553 

10.366205 

10.365857 

10.365510 

10.036783 

10.036838 

10.036892 

10.036946 

10.037001 

10.403685 

IO-4°339I 
10.403097 
10.402804 
10.4025 10 

9-597783 

9.598075 

9.598368 

9.598660 

9.598952 

9.962945 

9.962890 

9.962836 

9.962781 

9.962727 

9.634838 

9.635185 

9-635532 

9.635879 

9.636226 

10.365 162 
10.364815 
10.364468 
10.364121 
10-363774 

10.037055 
10.0371 10 
10.037164 
10.037219 
10.037273 

10.402217 

10.401925 

10.401632 

10.401340 

10.401048 

9.599244 

9-599  536 
9.599827 
9.6001 18 
9.600409 
9.600700 

9.962672 

9.962617 

9.962562 

9.962508 

9.962453 

9.962398 

9.636572 
9.636918 
9.637265 
9.63761 1 
9.637956 
9.638302 

10.363428 
10.363082 
10.362735 
10.362389 
10.362044 
10.361 698 

10.037328 

1 0.037383 
10.037438 
10.037492 
io-o37547 
10.037602 

10.400756 

1 0.400464 
10.400173 
10.399882 

IO-39959I 

10.399300 

Sine 

:Tangent 

Secant 

66  Degrees. 

/ 


Tangents,  and  Secants.  (  4 °5  ) 

23  Degrees. 

SI 

1  Sine 

rt 

n> 

rangent 

Secant 

30  9.600700  < 
31 9.600990 
32  9.601280  c 
339.601570  c 
r<iO. 601860 

,.962398 

?-96z343 

,.962288 

,.962233 

5.962178 

,.638302 

,.638647 

,.638992 

?-*39337 

5.639682 

10.361698 
10.361353 
lo. 361008 
0.360663 
10.360318 

0.037602 

0.037657 

10.037712 

10.037767 

10.037822 

0.399300  30 
0.399010  29 
0.398720  28 
0.398430  27 
10.398140  26 

35  9.602149 
369.602439 
37  9.602728 
389.603017 

IQ  Q. 6033OC 

9.962123 
9.962067 
9.96201 2 

9.961957 

Q.q6iq02 

,.640027 

9.64037 1 

9.640716 

9.641060 

9.641404 

io-359973 

10.359629 

10.3592S4 

10.358940 

10.358596 

10.037877 

10.037933 

10.037988 

10.038043 

10.038098 

10.39785!  25 
10.39756!  24 
10.397272  23 
10.396983  22 
10.396695  21 

409.603594 
41  9.603882 
429.604170 
439.604.457 

Id.  Q. 60474; 

9.961 846 

9-96i791 
9-9^ 1 73  5 

9.961680 

0.961624 

9,64i747 

9.642O9I 

Q.642434 

9.642777 

9.643120 

10.358253 

10.357909 

IO-357566 

10.357223 

10.356880 

10.038154 

10.038209 

10.038265 

10.038320 

10.038376 

10.3964 06  20 
10.3961 18  19 
10.395830  18 
io-395543  ll 
io-395  z5  5  16 

45  9.605032 
469.605319 

47  9.605606 

48  9.605892 
4.0  0.606179 

9.961569 

9.961513 

9-96l458 

9.961402 

9.961346 

9.643463 

9.643806 

9.644148 

9.64449° 

9.644832 

10.356537 

10.356194 

10.355852 

10.35551° 

10.35516S 

10.038431 

10.038487 

10.038542 

10.038598 

10.038654 

10.394968  15 
10.394681  14 

10-394394  l3 
10.394108  12 
10.393821  n 

509.606465 
519.606751 
52  9.607036 
539.607322 
C4-Q.  607607 

9.961290 
9.961235 
9.961  J79 
9.961 123 
9.961067 

9.645 1 74 
9.645516 
9.645857 
9.646199 
9.64654c 

10.354826 

10.354485 

10.354H; 

10.353801 

10.35346c 

10.038710 
10.038765 
10.03882 1 
10.038877 
10.038933 

10-393535  10 
10.393249  9] 
10.392964  8 
10.392678  7! 
10.392393  _6j 
10.392108  5E 
10.391824  4! 

10.391539  3j 

>10.391255  2 
.10.390971  if 
3  IO.390687  _° 

55  9-6o7892 
569.608176 

579.60846] 
589.60874; 
59  9.60902c 
5o  0.6003 1 

9.96101 1 

9.960955 
9.96089c 
9.96084; 
,  9.960781! 
3  9.96073c 

9.646881 
9.64722: 
9.64756: 
9.64790; 
9. 64824 
i  9.64858 

10.353ns 

10.35277S 

10.35243& 

10.35209; 

10.35175; 
10.35  H1' 

10.038989 
10.059045 
10.039101 
10.03915; 
10.03921/ 
7  10.03927c 

Sine 

Tangent 

§ 

Secant  § 

r?  | 

66  Degrees. 


(  4°6  )  A  f  able  of  Artificial  Sines, 

24  Degrees. 

3 

c 

n> 

t/> 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

H 

*5 

16 

*7 

18 

£9 

20 

2 1 

22 

23 

24 

25 

26 

27 

28 

29 

-3° 

Sine 

Tangent 

Secant 

7 

60  1 

59 

5  s 

57 

s±i 

55 

54 

53  £ 

52 

11  ! 
50  i 

49  ■ 
48  . 

47  ■ 
46 

45 

44 

43 

42 

4£ 

40 

39 

38 

37 

36 

35 

34 

33 

32 

3i 

30 

s 

5 

c 

f~T 

rD 

9.609313 

9.609597 

9.609880 

9.610163 

9.610446 

9.960730 

9.960674 

9.960618 

9.960561 

9.960505 

9.960448 

9.960392 

9.960335 

9.960279 

9.960222 

9.648583 

9.648923 

9.649263 

9.649602 

9.649942 

IO-35I4I7 
10.35 1077 

IO*35°737 

10.350398 

10.350058 

10.039270 

10.039326 

10*039382 

IO-°39439 

10.039495 

10.390687 

10.390403 

10.390120 

10.389837 

10.389554 

9.610729 
9.61 1012 
9.61 1294 
9.61 1576 
9.611858 

9.650281 

9.650620 

9.650959 

9.651297 

9.651636 

I°*3497i9 

10.349380 

10.34904! 

10.348703 

10.34836+ 

10.039552 

10.039608 

10.039665 

10.039721 

10.039778 

10.389271 

10.388988 

10.388706 

10.38842^ 

10.388142 

9.612140 

9.612421 

9.612702 

9.612983 

9.613264 

9.960166 

9,960109 

9.960052 

9*959995 

9-959938 

9*65i974 

9.652312 

9.652650 

9.652988 

9.653326 

10.348026 

10.347688 

IO*34735° 

10.347012 

10.346674 

10.039834 

10.039891 

10.039948 

10.040005 

10.040062 

10.387860 

10.387579 

10.387298 

10.387017 

10.386736 

9'6i3545 

9.613825 

9.614105 

9.614385 

9.614665 

9.959882 
9.959825 
9.959768 
9.9597 1 1 
9.959653 

9.653663 

9.654000 

9"%4337 

9.654674 

9.65501 i 

9.655348 

9.655684 

9.656029 

9.656356 

9.656692 

10.346337 

10.346000 

10.345663 

10.343326 

10.344989 

10.0401 18 
10.040175 
10.040232 
10.040289 
10.040347 

10.386455 
10.386175 
I0*3  85895 
10.385615 

IO-385335 

9.614944 
9.615223 
9-61 5502 
9.61 15781 
9.61606c 

9.959596 

9-959539 

9.959482 

9.959425 

9.959368 

10.344652 

JO-344316 

10.343980 

10.343644 

10.343368 

10.040404 

10.040461 

10.040518 

10.040575 

10.040632 

10.385056 

10.384777 

10.384498 

10.384219 

10.38394° 

9.616338 

9.616616 

9.616S94 

9.617172 

9.617450 

9.617727 

9.959310 

9*959-53 

9.959195 

9.959138 

9.959081 

9.959023 

9.6570^8 

9.657364 

9.657699 

9.658034 

9.658369 

9.658704 

10,342972 

10.342636 

10.342301 

10.341966 

10.341631 

10.341296 

10.040690 

10.040747 

10.040805 

10.040862 

10.040919 

10.040077 

10.383662 
10.333384 
10.383 106 
10.382828 
10.382550 
10.382273 

Sine 

Tangent 

Secant 

1 

65  Degrees. 

I 


Tangents,  and  Secants.  (  4°7  )  j 

24  Degrees. 


1 

!  S'ne 

rf 

O 

fangent 

Secant 

309.617727  9 

31  9.618004  9 

32  9-618281 5 

33  9.618558  r 
349.618834c 

.959023  5 
,.958965  C 
,.958908  c 
,.958850 
,.958792 

,.658704 

,.659039 

)-659373 

,.659708 

,.660042 

io.  341290 
10.340961 
10.340627 
10.340292 

1  °- 3  3995  8 

0.040977 
0.041035 
io. 041092 
10.041 150 
[  0.041208 

0.382273  30] 
0.381996  29c 
0.381719  28 
[0.38 1442  27 
10.381 166  26 

35  9.619IIOC 
369.619386  c 
37  9.619662 
389.619938  c 
20  0.62021 3 

?-958734  5 

,.958677 

7.958619 

7.95856! 

?-9585°3 

,.660376 

,.660710 

7.661043 

7.661377 

9.661710 

IO-3396H 

IO-3392-9° 

lo-33895.7 

10.338623 

10.33829° 

10.041266 
10.041323 
10.04138 1 
10.04x439 
10.041,497 

10.380890.25. 
10.380614  24 
10.380338  23 
10.380062  22 
10.379787  21 

40  9.620488 

41  9.620763 

42  9.621038 
439.621313 
449.621587 

9-958445 

9.958387 
9.958329 
9.958271 
9.95821 2 

9.662043 

9.662376 

9.662709 

9.663042 

9.663375 

IO-337957 

10.337624 

1,0.337291 

10.33695.8 

10.336625 

10.041555 
10.041,613 
10.04167 1 
10.041729 
10.041788 

1  o-3795  12  20 

10-379237  *9 
10.378962  18 
10.378687  17 
10.378413  16 

^7  9.621861 
469.622135 

47  9.622409 

48  9.622682 

49  9.622956 

9-95 8 1 54 
9.958096 
9.95803s 

9-957979 
9-9.5  79* 1 

9.663707 
0. 664039 
9.66437 1 
9.664703 
9.665035 

10.336293 

10.335961 

1.0..33562.9 

io-33529? 

IO-334965 

10.041846 

10.041904 

10.041962 

10.042021 

10.042079 

IO-378 1 39  J5 
10.377865  14 
10.377591  13 

iQ-377318  12 
10.377044  n 

509-623229 
51  9.623502 
529.623774 
53  9.624047 
549.624315 

9.957863 

9.957804 

9.957746 

9.957687 

9.957628 

9.665366 

9.665697 

9.666025 

9.66636c 

9.66669 

io-334634 

io-3343°3 

IQ-33397 

10.33364c 

IO-3333°5 

10.042137 
10.042196 
10.04225/ 
10.0423 1 3 
10.042372 

10.376771  10 
10.376498  9 
10.376226  8 

10-375953  7 
10.375681  6 

559.624591 

569.62486; 
579.62513c 
58  9.62540* 
599.62567- 
60  9.62594 

9-957  57c 
9-9575 1 
9-95745- 
5  9-95739 
1  9-95733 
3  9.95727 

9.66702 
9.66735 
9.66768 
9.66801 
9.66834 
5  9.66867 

1  °- 3  3  297  s 

2  10.33264J 

2  10.33231, 

3  1  °- 3  3 1 98 
3  IO-33I^5‘ 

2  10.33132 

,  10.04243c 
3  10.04248c 
3  10.04254 
7  10.04260 

7  10.04266 

8  10.04272 

>  10.375409  5 

?  1  °- 37 5 1 37  4 

4  10.374865  3 

7  10.374594  2 

5  10.374323  1 

4  10.374052  0 

Sine 

Tangen 

c 

s 

Secant  g- 

1  n> 

_ 

65  Degrees. 


C  c  4 


(  4°8  )  A  Table  of  Artificial  Sines, 


25  Degrees. 


§ 

c  Sine 

a 

Co 

' 

Tangen 

t 

Secant 

0  9,62594^ 
]  9.62621c 

2  9.62649c 

3  9.62676c 

4  9.62703c 

i  9.95727c 
?  9-957217 
>  9-95715* 
19.95709c 
19.95704c 

9.66867; 

9.66900; 
;  9.66933; 
9.669661 
9.669991 

10.33132! 

10.33099* 

10.33066! 

IO-33°33S 

10.330005 

5  10,04272^ 
10.04278: 
10.04284; 
10.042901 
10.04296c 

(.  10.374052  60 
io-37378i  59 
IO-3735 1°  58 
10.37324057 
10.372070  36 

5  9.62730c 
'  6  9,62757c 

7  9,62784c 

8  9.628105 
99.628378 

>9.956981 

9.956922 

9.956862 

9.976803 

9-956744 

9.67032c 

9.670649 

9.670977 

9.671306 

9.671634 

10.32968c 
10-32935 r 
10.329023 
10.32869c 
10.328366 

10.043019 

10.043078 

10.043138 

10.34.3 197 

10.04.32c6 

10.372700  55 
10.372430  54 
10.372160  53 
10.371891  52 
10.371622  51 

10  9.628647 

1 1  9.628916 

12  9.629184 

13  9.629453 

14  9.629721 

9.956684 

9.956625 

9.956566 

9.956506 

9,956447 

9.671963 

9.672291 

9.672619 

9.672947 

9-673274 

10.328037 

10.327700 

10.327381 

IO-327053 

10.326726 

10.043316 

10.043375 

10.043434 

10.043494 

10.043553 

‘°-37i353  5° 
10.371084  49 
10.370816  48 

i°-37°547  47 
10.370270  46 

15  9.629989 

16  9.630257 

17  9.630524 
x8  9.630792 
19  9.631059 

9.956387 

9.956327 

9.956268 

9.956208 

9-956148 

9.673602 

9.673929 

9,674257 

9.674584 

9.674910 

9.675237 

9.675564 

9.675890 

9.676216 

9.676543 

10,326398 

10.326071 

IQ-325743 

10.325416 

IO-325°9o 

10,043613 

IO-°43673 

10.043732 

1 0.043792 
10.043852 

10.37001 1  45 

i°-369743  44 
10.36947643 
10.369208  42 
10.368941  41 

20  9.631326 

21  9-63 >593 

22  9.63^859 

23  9,632126 

24  9.632392 

9,956089 

9.956029 

9.955969 

9.955909 

9.955840 

10-324763 
10.324436 
10.3241 10 
IO-323784 

i°-323457 

10.04591 1 
10.04397! 
10.04403 1 
10.044091 
10.044151 

10.368674  40 
10.368407  39 
10.368141  38 
10.36787437 
10.367608  36 

25  9.63265s 

26  9.632923 
279.633185 

9-633+54^ 

29  9-633719 
309.633984c 

9-955789 

9-955729 
5,955669  c 

?-9556oq 
9-955548S 
5.955488  c 

9.676869 
9-677194 
9-677520 
9-677846 
9-678171 
j. 678496 

10.J  23 131 
10.332806 
10.322480 
10.322154 
10.321829 
0-321504 

10.04421 1 
10.044271 
10.044331 
10.044391 
0.04445 2 
10,044512 

10-367342  35 
10.367077  34 
10.36681 1  33 
0.366546  32 
0.366281  3 1 
0.366016  30 

Sine 

Tangent 

§ 

Secant  = 

J  L  -  CO 

64  Degrees. 

- - - - -  - 

A 


/ 


Tangents,  and  Secants.  (  4°9  ) 


2  5  Degrees. 


§ 

g  Sine 

r~* 

Tangent 

Secant 

30  9.633984 < 

31  9.634249 

32  9.6345 H 

33  9-634778 

3+ 9.635042 

3.955488 

3.955428 

9.955368 

9-95  53°7 

9 -955247 

3.678496 

3.678821 

3.679146 

9.679471 

9.679795 

10.321504 

10.321179 

10.320854 

10.320529 

10.320205 

0.044512 
0.044572 
0.04463 2 
10.044693 
10.044753 

10.366016  36 
10.365751  29 
10.36548,6  28 
10.365222  27 
10.364958  26 

35  9.635306 

369.63557° 

37  9-635833 
389.636097 
399.63636° 

9.955  j86 
9.955126 
9.955065 
9.955005 
9.954944 

9.680120 

9.680444 

9.680768 

9.681092 

9.681416 

10.319880 

10.319556 

10.319232 

10.318908 

10.318584 

10.044814 

10.044874 

10.044935 

10.044995 

10.045056 

10.364694  25 
10.364430  24 
10.364167  23 
10.363903  22 
IO.36364O  21 

40  9.636623 

41  9.636886 

42  9.637148 
439.637411 
449.637673 

9.954883 

9.954823 

9.954762 

9.954701 

9.954640 

9.681740 

9.682063 

9.682386 

9.6827x0 

9-683°33 

10.318260 

io-3i7937 

10.317614 

10.317390 

10.316967 

10.045 1 17 
10.045177 
10.045238 
10.045299 
10.045360 

i°-363377  20 
10.363114  19 
10.362852  18 
10.362589  17 
10.362327  16 

45  9-637935 

46  9.638197 

47  9.638458 

48  9.638720 

49  9.638981 

9-954579 
9.9545 1 8 

9-954457 

9-954396 

9-954335 

9.683356 

9.683678 

9.684001 

9.684324 

9.684646 

10.316644 

10.316322 

10.315999 

10.315676 

i°-3i5354 

10.045421 

10.045482 

10.045543 

10.04560.-j 

10.045665 

10.362065  15 
10.361803  1 45 
10.361542  13 
10.361280  12 
10.361019  1 1 

509.639242 

51  9.639503 

52  9.639764 

53  9.64002/ 

54  9.64028,: 

55  9.640544 

56  9.64080, 

57  9.64106/ 

58  9.64132. 

59  9-64i58: 

60  9.641 84' 

9.954274 

9-9542I3 

9-954i52 

-9-954°9c 

.9.954025 

-9-9S396' 
1-9-95  39o(- 
M9-953845 
i‘9-95378: 
i9-9537f 

29.95366c 

9.684968 

9.6S5290 

9.685612 

9.685934 

9.686255 

9.686577 

9.686898 

9.687215 

9.68754c 

9.687861 

9.688182 

10.315032 
10.314710 
10.314388 
10.3 14066 
i°-3I3745 

10.045726 

10.045787 

10.045848 

10.04591c 

10.045971 

10.360758  10 
10.360497  9 
10.360236  8 
10.359976  7 
io-3597 1 6  6 

io-3 1 3423 
10.313102 
10.312781 
10.31246c 
10.312135 
10.31181s 

10.046032 

10.04609, 

10.04615, 

>110.04621; 

10.04627$ 

10.04634c 

,10.359456  5 
1,io.359I96  4 
10.358936  3 
10.358677  2 
10.358417  1 
310.358158  c1 

Sine 

Tangent 

§ 

Secant  g 

ft 

1 

C r. 

6 4  Degrees. 


+•  N  ~  °  IMinutesi 


-  -JF 


i 


(  410  )  A  Table  of  Artificial  Sines, 

26  Degrees. 

5 

c 

rf 

a> 

c n 

Sine 

Tangent 

Secant 

o 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

I  z 

13 

H 

!5 

16 

17 

18 

£9 

20 

21 

22 

23 

24 

'  25 
26 

,27 

,28 

i29 

j3°< 

! 

1 

9.641842 

9.642101 

9.642360 

9.642618 

9.642876 

O.QC3660 

9-95359^ 

9-953537 

9-953475 

9-9534I3 

9.688182 

9.688502 

9.688823 

9.689143 

9.689463 

10.31 1818 
10.31 1498 
10.311177 
10.310857 
Lo.>3  10537 

10.046340 

10.046402 

10.046463 

10.046525 

10.046587 

10.35815s 

10.357899 

10.35764° 

IO-357382 

10.357124 

00 

59 

58 

56 

9-643j35 

9-643393 

9.64365° 

9.643908 

9.644165 

9-953352 

9.953290 

9.953228 

9.953166 

9.953104 

9.689783 

9.690103 

9.690423 

9.690742 

9.691062 

10.310217 

10.309897 

IO-3°9577 

10.309258 

10.308938 

10.046648 

10.046710 

10.046772 

10.04683c. 

10.046896 

10.356865 
10.35660  7 
10.35635° 
10.356092 
IO-355&35 

55 

54 

53 

52 

5' 

9.644423 

9.644680 

9-644937 

9.645193 

9.64545° 

9.953042 

9.952980 

9.952917 

9.95Z855 

9952793 

9.691381 

9.691700 

9.692019 

9.692338 

9.692657 

10.308619 

10.308300 

10.307981 

10.307662 

10-307343 

10.046958 

10.047020 

10.047083 

10.047145 

10.047207 

IO-355577 

IO-35532o 

10.355063 

io-3548°7 

10-354550 

5o 

49 

48 

+7 

46 

9.645706 

9.645962 

9.6462x8 

9.646474 

9.646729 

9-9S2731 

9.952669 

9.952606 

9.952544 

9.952481 

9.692975 

9.693293 

9.6936x2 

9-69393o 

9.694248 

10.307025 

10.306707 

10.306388 

10.306070 

10.305752 

10.047269 

10.047331 

IO-°47394 

10.047456 

X0.0475I9 

10.354294 

10.354038 

10.353782 

IO-353526 
IO-35327 1 

45 

44 

43f 

42 

4i 

9.646984 

9.647239 

9.647495 

9.647749 

9.648004 

9.952419 

9.952356 

9.952294 

9.952231 

9.952168 

9.694566 

9.694883 

9.695201 

9.695518 

9.695836 

10.305434 
10.305 1 17 
10.304799 
10.304482 
10.304164 

10.047581 

10.047644 

10.047706 

10.047769 

10.047832 

10.353016 

10.352761 

io-3525°5 

10.352251 

10-35!996 

40 

39 

38 

37 

36 

9.648258 
9.6485 12 
9.648766 
9.649020 
9.649274 
9.649527 

9.952105 
9.952043 
9.95 1980 
9.951917 
9.95x854 
9-951791 

9.696x53 

9.696470 

9.696787 

9.697103 

9.697420 

9.697736 

10.303847 

10.303530 

10.303213 

10.302897 

10.302580 

10.302264 

10.047895 

10.047957 

10.048020 

10.048083 

10.048146 

10.048209 

10.351742 
10.351488 
10.35 1234 
10.350980 
10.350726 
10.350473 

35 

34 

33 

32 

3i 

30 

§ 

D 

r 

r& 

Sine 

Tangent 

Secant 

: 

63  Degrees. 

i 


/ 


Tangents*  and  Secants. 


(  4”  ) 


2 6  Degrees. 


<D 

Minutes 

rangent 

Secant  1 

30  9.649527 ( 

31  9.649781 

32  9.650034 < 

33  9.650287 
349.650539 

?-95 1 79 1 

9.95 1728  ( 

?-95i665 
9-95 1602 

?-95 1 5  39 

7.697736 

7.698053 

7.698369 

7.698685 

9.699001 

0.302264 

10.301947 

10.301631 

10.301315 

10.300999 

10.048209 

10.048272 

10.048335 

10.048398 

10.048461 

10.350473  3< 
IO.35O2I9  2< 
IO.349966  2 
10.349713  2 
IO.349461  2 

359.650792 
369.651044 
37  9.651297 
389.651549 
-5Q  g. 65  1800 

9.951476 

9.951412 

9-95 1 349 

9.95 1286 
9.95 1222 

9.6993 t6 
9.6996a* 
9.6999* 
9.700*3 
9.700578 

10.300684 

10.300368 

10.300053 

10.299737 

10.299422 

10.048524 
10.048588 
10.04805 1 
10.048714 
10.048778 

IO.349208  2 
10.348956  2 
ICI.348703  2 
10.348451  2 
IO.3482OO  2 

40  9.652052 

41  9.652304 
429.652555 

43  9.652806 

44  9-653°57 

9-95 1 1 59 

9.951096 

9.951032 

9.950968 

9.950905 

9.700893 

9.701208 

9.701523 

9.701837 

9.702152 

10.299107 

10.298792 

10.298477 

10.298163 

10.297848 

10.048841 

10.048904 

10.048968 

10.049032 

10.049095 

IO-347948  2 
10.347696  1 

10, 347445  1 

10.347194  1 
10.346943 

45  9-6533 °7 

469.653558 
47  9.653808 
489.654059 
49  9-6543°9 

9.950841 

9.950778 

9.950714 

9.950650 

9.950586 

9.702466 

9.702780 

9.703095 

9.703409 

9.703723 

10.297534 

10.297220 

10.296905 

10.296591 

10.296277 

10.049159 

10.049222 

10.049286 

10.049350 

10.049414 

10.346693 

10.346442 

10.346192 

IO-34594I 

10.345691 

50  9.654558 

51  9.654808 
529.655057 

53  9-6553°7 

54  9-65555^ 

9.950522 

9.950458 

9-95°39^ 

9-95°33c 

9.950266 

9-7°4°36 

9.704350 

9.704663 

59.704977 

59.70529c 

10.29596/ 

10.29565c 

10.295337 

10.29502; 

10.29471c 

1 0.04947 8 
10.049542 
10.049606 
10.04967c 
5  10.049734 

10.345442 
10.345192 
10.344943 
10.344693 
h  10.344444 

55  9-65580‘ 

56  9.65605. 

57  9.65630: 

58  9.65655 

59  9-65679< 

60  9.65704 

9.95020; 

4  9-95  0 1 3  ^ 
9.95007. 

9.95000: 
?  9-94994. 

719.94988 

Q.70s60^ 

9-7°591^ 

.  9.706228 
79.70654 
9.70685/ 
9.707166 

10.29439; 
10.29408. 
10.29377 
10.29345c 
(.  10.29314 
10.29283 

10.04979!: 
|J  10.04986. 
2  j  1 0. 049926 
jj  1 0.04999 
5  10.05005 
4J10.0501  u 

10.344195 
10.343946 
10.343698 
10.343449 
10.343201 
?  10.342953 

Sine 

Tangent 

Secant 

63  Degrees. 


(Minutes] 


/ 

/ 


■Jp- 


/ 


|  (  412  )  A  Table  of  Artificial  Sines, 

2  7  Degrees. 

2 

|  Sine 

f? 

Cr 

Tangent 

Secant 

60 

59 

58 

56 

°  9-6570+7 
1  9-657295 

29.657542 

3  9-657790 
49.658037 

9.949881 

9.949816 

9- 9497 P 
9.949688 
9.949623 

9.707166 

9-707478 

9.70779c 

9.708102 

9.708^14 

*0.29283^ 

jo.292522 

10.29221c 

10.291898 

10.291586 

10.0501 15 
10.05018/ 
10.050248 
10.050312 
10.050377 

10.342953 

IO-3427°5 

10.342458 

10.34221c 

10.341963 

5  9.65828/) 
69.658531 
79.658778 
8  9.659025 
99.659271 

9.949558 

9.949494 

9.949429 

9.949364 

9.949300 

9.708726 

9-709037 

9-7°9349 

9.709660 

9.709971 

1^.29127/ 

10.290963 

10.230651 

10-29|34° 

10.290029 

10.050442 
10.050506 
10.050571 
10.050636 
1 0.05  07  00 

10.341716 
10.341465 
10.34122 2 
10.340975 
10.340729 

55 

54 

53 

52 

5i 

10  9.659517 

1 1  9.659763 

12  9.660009 
15  9.660255 
14  9.660500 

9.949235 

9.949170 

9.949105 

9.949040 

9.948975 

9.710282 

9*7io593 

9.710904 

9.711215 

9.711525 

10.289718 

10.289407 

10.289096 

10.288785 

10.288475 

10.050765 
10.050830 
10.050895 
10.050960 
ro.05 1025 

10.340483 

10.340237 

IC5.339991 

IO-339745 

IO-3395°° 

5° 

49 

48 

47 

46 

15  9.660746 
ji6  9.660991 
]  1 7  9.661236 
18  9.661481 
'199.661726 

9.948910 

9.948845 

9.948780 

9.948715 

9.948649 

9.711836 

9.712146 

9-7I2456 

9.712766 

9-713076 

10.288164 

10.287854 

10.287544 

10.287234 

10.286924 

10.05 1090 
10.051 155 
10.051220 
10.051285 
10.051351 

IO-339254 
10.339009 
10.338764 
1 0.338519 

IO-338274 

45 

44 

43 

42 

11 

40 

39 

38 

37 

36 

20  9.661970 

21  9.6622x4 

22  9.662459 

23  9-662703 
249.662946 

9.948584 

9.948519 

9-9484S3 
9.94838 8 
9.948323 

9.713386 

9.7I3696 

9.714005 

9.714314 

9.714624 

10.286614 

10.286304 

10.285995 

10.285686 

10.285376 

10.051416 
10.051481 
10.051547 
10.051612 
10.05 *677 

10.338030 

10-337786 

IO-33754J 

10.337297 

10.537054 

[25  9-663190 
'26  9.663433 
(*7  9-663677 
.28  9.663920 
’29  9.664163 
30  9.664406 

9.948257 

9.948192 

9.948126 

9.94S060 

P-947995 

9-947929 

9-7 1 493  3 
9.715242 

9-7I555i 

9.715859 

9.716168 

9.716477 

10.285067 

10.284758 

10.284449 

10.284141 

10.283832 

10.283523 

10.05  ^43 
10.051808 
10.05 1874 
x  0.05 1940 
10.052005 
10.052071 

10.336810 

10.336567 

IO-336323 

10.336080 

IO-335837 

1  °-3  3  5  5  94 

35 

34 

33 

32 

3i 

?° 

Sine 

Tangent 

Secant 

S 

5 

c 

rt 

CD 

62  Degrees. 

Tangents,  and  Secants. 

(  413  ) 

27  Degrees. 

S 

5 

p 

K 

Sine 

rangent 

Secant 

3° 

3 1 

32 

33 

34 

35 

3  6 

37 

38 

39 

664406 

664648 

5.664891 

9.665133 

9.665375 

9.947929  c 
9.947863  c 
?-947797 
7-947731 
9.947665 

9.716477 
7.7a  6785 
9-7I7°93 
?-7I7401 
9.717709 

10.283523 

10.283215 

10.282907 

10.282599 

10.282291 

0.052071 

10.052137 

10.052203 

10.052269 

10-052335 

°-335594  3° 
10.33535229 
10.335109  28 
10.334867  27 
10.334625  26 

9.665617 
9.665859 
9.666100 
9.666341 
q. 666583 

7-947599 

7-947533 

9.947467 

9.947401 

9-947335 

9.718017 

9.718325 

9.718633 

9.718940 

9.719248 

10.281983 

10.281675 

10.281367 

10.281060 

10.280752 

10.052401 

1  orc>5  2467 
*0.052533 
10.^599 
id'.052665 

10.334383  25 
10.334141  24 
10.33390023 
10.333659  22 
10.333417  21 

4° 

41 

42 

43 

44 

+£ 

47 

48 

12 

s° 

5 1 

52 

53 

54 

55 

56 

57 
5s 

SS 

6c 

9.666824 

9.667065 

9-667305 

9.667546 

Q.667786 

9.947269 

9.947203 

9.947136 

9.947070 

9.947004 

9  •  7 1 9  5  5  5 

9.71986Z 

9.720169 

9.720476 

9.720783 

10.280445s 

io.23o£g8 

10.2^9831 

10-279524 

10.279217 

10.052731 

10.052797 

10.052864 

10.052930 

10.052996 

IO-333I7^  20 

10-332935  J9 
10.332695  18 
10.33245417 
10.332214  16 

9.668026 
9.668266 
9.668506 
9.668746 
g. 668986 

9-946937 

9.946871 

9.946804 

9.946738 

9.946671 

9.721089 

9-72 1 396 
9.721702 
9.722968 

9-7223I5 

10.27891 1 
10.278604 
10.278298 
10.277992 
10.277685 

10.053063 

10.053129 

10.053196 

10.053262 

10.053329 

10.3*3 ^74  IS 
no.331734  14 
10.331494  13 
i°-33I254  iz 
10.33 1014  * i 

i*-— - - 

9.669225 
9.669464 
9.669703 
9.669942 
q. 670181 

9.9466H 

9.946^ 

9.946471 

9.946404 

9-94633? 

9.722621 

9.722927 

9.723232 

9-723538 

9.723844 

10.277379 

10.277073 

10.276768 

10.276462 

10.276156 

10.053396 

10.053462 

10.053529 

10.053596 

10.053663 

10.330775  10 
10.330536  9 
'16.330297  8 
r&;  3 3005 8  7 
10.329819  6 

r 

9.670419 
9.670658 
9.670896 
5  9.67 11 34 
,9.671372 

j  0.67160c 

9.94627c 

9.94620: 

9.946136 

.9.94606c 

9.94600: 

9-94593. 

>9.724145 

9-724455 

>9-724755 

9.72506c 
’9.72536c 
;  9.72567, 

10.275851 
10.275546 
10.275241 
10.274935 
10.274631 
j.  10.274326 

10.05373c 

10.053797 

10.053864 

10.053931 

10.05399& 

10.05406^ 

10.329581  5 
10.329342  4 
10.329104  3 
10.328866  s 
10.328628  1 

10.32839;  0 

y  /  ^ 

Sine 

Tangent 

<, 

Secant  | 

1  1 

62  Degrees. 

-» 


(  414  )  A  Table  of  Artificial  Sines, 

28  Degrees. 

§ 

5 

E 

t-r 

n 

en 

c 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

D 

*4 

Sine 

Tangent 

Secant 

9-671609 
9.67  i  847 
9.672084 
9.672321 
9^72558 

9-672795 

9.673032 

9.673268 

9-6735°5 

9.673741 

9-945935 

9.945868 

9.945801 

9-945733 

9.945666 

9.725674 

9.725979 

9.726284 

9.726588 

9.726893 

10.274326 

10.274021 

10.273716 

IO-2734I2 
10.273 107 

10.054065 

10.054132 

10.054199 

10.054267 

IO-°54334 

10.328391 

10.328153 

10.327916 

10.327679 

10.327442 

60 

59 

58 

s6 

56 

55 

54 

53 

52 

5^ 

5° 

49 

48 

47 

46 

45 

44 

43 

42 

4i 

9.945598 

9-945531 

9.945464 

9-945396 

9.945328 

9.727197 

9-7275°i 

9.727805 

9.728109 

9.728412 

10.272803 

10.272499 

10.272195 

10.271891 

10.271588 

10.054402 

10.054469 

10.054536 

10.054604 

10.054672 

10.327205 

10.326968 

10.326732 

10.326495 

10.326259 

9.673977 

9.674213 

9.674448 

9.674684 

9.674919 

9.945261 

9-945 1 93 
9.945126 
9.945058 
9.944990 

9.728716 

9.729020 

9.729323 

9.729626 

9.729929 

10.27 1284 
10.270980 
10.270677 
10.270374 
10.270071 

10.054739 

10.054807 

ro.054874 

10.054942 

10.055010 

10.326023 

10.325787 

10.325552 

10.325316 

10.325081 

*5 

16 

17 

18 

J9 

9-67  5 1 5  5 
9.67539° 

9-6756z5 

9.675859 

9.676094 

9-944922 

9.944854 

9.944786 

9.944718 

?:944650 

9.944582 

9.944514 

9.944446 

9-944377 

9.944309 

9-730233 

9-73°535 

9.730838 

9-73I14I 

9-73H44 

10.269767 

10.269465 

10.269162 

10.268859 

10.268556 

10.055078 
10.055 *4^ 
10.055214 
10.055282 
10.05535° 

i°. 324845 
10.324610 

IO-324375 

10.324141 

10.323906 

20 

21 

22 

23 

24 

25 

26 

2 

29 

30 

9.676328 

9.676562 

9.676796 

9.677030 

9.677264 

9.731746 

9.732048 

9-73235! 

9.732655 

9-732955 

10.268254 

10.267952 

10.267649 

10.267347 

10.267045 

1°|S554i8 
10. 055486 
10.055554 

10.055623 

10.055691 

10.327672 

10.323438 

10.323204 

10.32297c 

10.322736 

40 

39 

38 

37 

36 

35 

34 

33 

32 

3i 

to 

f 

S' 

t-r 

a- 

CO 

9.677498 

9.677731 

9.677964 

9.678197 

9.678430 

9.678663 

9-94424> 

9-944I73 

9.944104 

9.944036 

9-943967 

9.943898 

9-733257 
9-733558 
9.733860 
9.734162) 
9-734463 1 
9-734764 

10.266743 

10.266442 

10.266140 

10.265838 

10.265537 

10.265236 

IO-°55759 

10.055827 

10.055896 

10.055964 

10.056033 

10.056102 

10.322502 

10.322269 

10.322036 

10.321803 

10.321570 

10.321337 

Sine 

Tangent 

1 

Secant 

61  Degrees. 

Tangents,  and  Secants.  (  4 1 5  ) 

28  Degrees. 

2 

5 

c 

ft 

w> 

3° 

31 

32 

33 

"2  /I 

Sine 

9.678663 

9.678895 

9.679128* 

9.679360* 

0.670C02 

rangent 

Secant 

7.943898 

?>943^3° 

?-943761 

?-943693 

7.943624 

3-734764 

3.73CO66 

9-735367 

9.735668 

9.735968 

10.265236 

10.264934 

10.264633 

10.264332 

10.264032 

10.056102 

1 0.056,1.07 
10.05-6239 
10.656307 
|lj6. 056376 

l0*3ZI337 3° 
10.321105  -9 
10.320872  28 
10.320640  27 
10.320408  26 

35i9*679^24 
369. 680056 
3719.680288 

38'9-68o5  19 
3919.680750 
3.o'9. 680982 
4119.681213 
429.681443 
43  9.681674 
449.681905 

45  9-68 2135 

469. 682365 
479*682595 

48  9.682825 

49  9.683055 

3-943555 

7.943486 

3-94341? 
9-943348 
9*943  279 

0.726269 

9.736570 

9.736871 

9*737  *7 1 
9-7374.7 1 

10.2637^ 

10.263430 
10.26#  29 
10.266829 
10^262529 

10.056445 

10.0565 14 
10.056583 
10.056652 
10.056721 

10.320176  25 
10.319944  24 
10.319712  23 
10.319481  22 
10.319250  21 

9-943210 

9.943141 

9.943072 

9-943°°3 

9.942934 

9-7  3777'i 
9*738o71.- 

9.738371 
9.738671 
9*73897 1 

16.262229 

10.261929 

10.261629 

10.261329 

10.261029 

10.056790 

10.056859 

10.056928 

10.056997 

10.057066 

10.319018  20 
10.318787  19 
10.318557  18 
10.318326  17 
10.318095  16 

9.942864 

9-94279S- 

9.942725 

9.942656 

9.942587 

9*73927 1 
9-73957° 

9.73987° 

9.740169 

9.740468 

10.260729 
10.260430 
10.2601 30 
10.25983 1 
10.259532 

10.057136 

10.0572.05 

10.057275 

10.057344 

10.057413 

10.317865  15 
10.317635  14 
10.317405  13 
10.3 1 7175  12 
10.3 16945  1 1 

50  9.6S3284 

5119.683514 
529.683743 
>  3 19*68397  2 

54'9.6842oi 

75  9.684430 
56  9.684658 
57.9-684887 
589.685115 

59,9*6^5343 

600.68*571 

9.942517 

9.942448 

9.942378 

9.942308 

9.942235 

9.740767 

9.741066 

9-741 365 

9.74166/ 

9.741962 

10.259233 

10.258934 

10.258635 

10.258336 

10.258038 

10.057483 

10.057552 

10.057622 

10.057692 

10.057761 

10.316716  10 
10.316486  9 
10.316257  8 
10.316028  7 

1 0.3 15799  6 

9.942165 

9.94209c 

9.942025 

9.94195c 

9.94188c 

9-94l8lS 

9.742261 

>9742555 

j  9.7428# 
) 9.743156 

9*743455 
3  9-743  7  5 2 

10.257735 

10.257441 

257142 

-^684^ 

10.25054c 

10.25624!: 

10.057831 
10.057901 
10.057971 
.  10.058041 
10.0581 1 
10.058181 

10-315570  5 

1 0.315342  4 

10.3151.13  3 

10.314885  2 
510.314657  1 
10.314429  0 

Sine 

Tangent 

2 

Secant  g 

3 

6r  Degrees. 

_ - 

V5i 


(  416  )  A  Table  of  Artificial  Sines, 

29  Degrees. 

§ 

P* 

P 

CO 

0 

1 

2 

3 

4 

Sine 

Tangent 

Secant 

60 

59> 

58 

57 

5_6 

55 

54 

S3 

52 

5J. 

5° 

49: 

48. 

47' 

46 

9.685  5  7 1 
9.685799 
9.686027 
9.686254 
9.686482 

9.941819 

9.941749 

9-94^79 
9.94160  9 

9-94I539 

9-743752 

9.74405° 

9-744348 

9.744645 
9-744943 
9.745240 
9*745  53  ^ 
9-74583.5 

9-746*32 

9.746429 

10.256248 

10.255950 

10.255652 

*0.255355 

*0.255057 

10.058181 

10.058251 

10.058321 

10.058391 

10.058461 

10.314429 
10.3 14201 

*o-3*3973 

*0.313746 

*0.3135*8 

5 

6 

7 

8 

9 

9.686709 
9.686936 
9.687163 
9.687389 
9.68761 6 

9.941468 

9-94*39° 

9.941328 

9.941258 

9.941187 

10.254760 

10.254462 

10.254165 

10.253868 

10.253571 

10.058532 

10.058602 

10.058672 

10.058742 

10.058813 

10.313291 
10.3130& 
10.312837 
10.31261 1 
10.312384 

10 

1 1 

12 

13 
M 

*5 

16 

17 

18 

L5 

2C 

21 

22 

23 

2^ 

*5 

26 

27 

28 

29 
3c 

9.687843 

9.688069 

9.688295 

9.688521 

9.688747 

9.941 117 
9.941046 
9.940975 
9.940905 
9.940834 

9.746726 

9.747023 

9-7473*9 

9.747616 

9.747912 

10.253274 

10.252977 

10.252681 

10.252384 

10.252088 

10.058883 

10.058954 

10.059025 

10.059095 

10.059166 

10.312157 
10.31 1931 
10.31 1705 
10.311479 
10,31 1253 

9.688972 

9.689198 

9.689423 

9.689648 

9.689873 

9.940763 

9.940693 

9.940622 

9.940551 

9.940480 

9.748209 

9.748505 

9.748801 

9.749097 

9-749393 

10.251791 

10-25*495 

10.251199 

10.250903 

10.250607 

10.01:9237 

10.059307 

10.059378 

10.059449 

10.059520 

10.31 1028 
10.310802 
10.310577 
10.310352 
10.310127 

45 

44 

43 

42 

4* 

9.690098 

9.690323 

9.690548 

9.690772 

9.690996 

9.940409 

9.940338 

9.940267 

9.940196 

9.940125 

9.749689 

9.749985 

9.750281 

9.750576 

9.750872 

10.25031 1 
10.250015 
10.249719 
10.249424 
10.249128 

*0.059591 

10.059662 

*0-059733 

10.059804 

10.059875 

10.309902 

*0.309677 

*0.309452 

10.309228 

10.309004 

40, 

39 

38 

37 

36 

35 

34 

33 

32 

3* 

30 

9.691220 
9.691444 
9.^9 1 668 
9.691892 
9.692115 
9.692339 

9.940053 

9.939982 

9.939911 

9.93984° 

9.939768 

9.939097 

9.751167 

9.751462 

9-75*757 

9.752052 

9-752347 

9.752642 

10.248833 

10.248538 

10.248243 

10.247948 

10.247653 

*0.247358 

*0.059947 

10.060018 

10.060089 

10.060160 

10.060232 

10.060303 

10.308780 

10.308556 

10.308332 

10.308108 

10.307885 

10.307661 

Sine 

-I’  angent 

1 

Secant 

S’ 

V 

60  Degrees. 

2 


I 

I I 

- 

;  J 

: 

!) 

: 

I 
■  1 
i 
i 
'( 

1 

! 

! 

! 

i 

i 


; 


/ 


Tangents,  and  Secants, 

(  417  ) 

29  Degrees. 

o 


,;2 

S3 

s+ 

55 

56 

37 

38 

39 


41 

42 

4-3 

+4 


Sine 


9.692339 

9.692562 


9.9396979.752642 
9.939625  9.752937 
9,9395549-75323I 


9.692785, 
9.693009  9.939482 


9.693231 


9.93941° 


fo  9.694564  9-938980 


9.694786 

9.695007 

9.695229 

9.69545° 


9-693453  . . 

9.6936769.939267 

9.693898 
9.694120 
9.694342 


9-939339  9-7541 J5 
754409 

9-939*95  9-7547°3 
9-939I23  9-754997 
9.93905!  9.75529 


46 

47 

48 

49 

5° 

51 

52 

53 


9.695671  9.9386199.757052 

9.6958929.9385479.757345 

9. 696113  9.938475  9757638 
9.6963349.938402  9.757931 

9.6965549-9383309.758224 


9-697435 


9.6967749.938258  9.7585 1 7 
9.696995  9.938185  9.758810 
9.697215  9.938113  9.759102 
9.938040 


549.6976549.937967 


56 

157 

k 


9.6978749.937895  9.759979 

9.698094  9.937822  9.760272 
9-6983  “3  9-937749  9-76oS6' 

9.698532  9.9376769.760856 

9.69875 1  9.937603  9.761 148 
9.6989709.937531  9-76i439 


argent 


•753526 
•75  382° 


10.247358 

10.247003 

10.246769 

10.246474 

10.246180 


Secant 

10.060303 

10.060375 

10.060446 

10.060518 

10.060590 


10.245885 

10.245591 

10.245297 

10.245003 

10.244709 


10.307661 

10.307438 

10.307215 

10.306991 

10.306769 


10.06066 1 
10.060733 
10.060805 
10.060877 
10.060949 


•755585 


9.9389089.755878 

9.9388369.756172 

9-938763  9-756465 

9.938691  9.756759 


10.244415 

10.244122 

10.243828 

10.243535 

10.243241 


10.242948 

10.242655 

10.242362 

10.242069 

0.241776 


9-759395 

9.759687 


10.241483 

0:241190 

10.240898 

10.240605 

10.240313 


Sine 

« 


10.306547 
10.306324 
10.306102 
10.305880 
10.305658 


3° 

29 

28 

27 

26 

25 

24. 

23 

22 


10.061020 

10.061092 

10.061164 

10.061237 

10.061309 


10.305436 

10.305214 

10.304993 

10.304771 

10.30455° 


10.061381 

10.061453 

10.061525 

10.061598 

10.061670 


10.304329 

10.304108 

10.303837 

10.303666 

10.303446 


14 


IO.061742 

IO.061815 

IO.061887 

IO.061960 

IO.062033 


10.240021 

IO.239728 

IO.239436 

IO.239144 

10.238852 

IO.238561 


10.062105 
10.062 178 


10.30322b 
IO.303005 
10. 3027.85 

10.302565 

10.302346 


10.302126 

10.301906 


10.062251110.301687 
10.062324J  10.301468 
10.06239740.3012; 

10.062469  10.30103° 


T  angent 


Secant 


60  Degrees. 


D  d 


o  IMinutes 


I 

r 


If  t 


• 

(418  )  A  Table  of  Artificial  Sines, 

j  1 

30  Degrees. 

£ 

5 

a 

H 

a 

C/T 

c 

'  3 
j 

5 

6 

7 

8 

? 

10 

1 1 

12 

'3 

H 

*5 

16 

'7 

18 

*9 

Sine 

Tangent 

Secant 

l 

z 

,1 

_ 

60  ; 

59  ; 
58  ; 
57-  ; 
56  f 
55  ; 
54  - 
53  • 
52  : 
52  ; 

5°  • 

S  ■ 

47 

46 

9.698970 

9.699189 

9.69940; 

9.699626 

9.699844 

9-937  5  3 1 
9-937458 
9-937335 
9-9373 12 
9-937238 

9.761439 

9.761731 

9.762023 

97623 '4 
9.762606 

9.762897 

97631^ 

9-763479 

9-76377° 

9.764061 

10.238561 

10.238269 

10.237977 

10.237686 

IO-237-394 

10.062469 

10.062541 

10.062615 

10.062688 

10.062762 

10.30103c 
10.30081 1 
10.300593 
10.300374 
10.300156 

9.700062 

9.700280 

9.700498 

9.700716 

9700933 

9.937165 

9.937092 

9.937019 

9.936946 

9.936872 

10.237103 
10.236812 
10.236521 
10.236230 
IO-2359 39 

10.062835 

xo.062908 

10.062981 

10.063054 

10.063128 

10.299938 

10.29972c 

10.299502 

10.299284 

10.299067 

9.701 151 
9.701 368 
9701385 
9.701802 
9.702019 

9-936799 

9.936725 

9.936652 

9.936578 

9.936505 

9.764352 

9.764645 

9-764933 

9.765224 

9765.5 14 

10.23364b 

'0-235357 

10.235067 

10.234776 

10.234486 

10.063Z01 

10.063275 

10.063348 

10.063422 

10.063493 

10.298849 
10.298632 
to. 298415 
10.298198 
10.297981 

9.702236 

9.702452 

9.702669 

9.702885 

9.70310} 

9-93643I 

9-936357 

9.936284 

9.936210 

9.936136 

9.765805 

9.766095, 

9.766385 

9.766675 

9766965 

10.234195 

10.233905 

10.23361c 

10.233325 

10.233035 

10.063569 

10.063643 

10.063716 

10.063790, 

10.063864 

10.297764 
10.297548 
10.297331 
10.2971 15 
1 0.296899 

45 

44 

43 

42 

4' 

20 

21 

22 

23 

2  3 

25 

26 

27 

28 

29 

30 

j 

f 

97033*7 

9703533 

9703749 

9703964 

9.704179 

9.936062 

9.935988 

9-9359H 

9.935840 

9.935766 

9.767255 

9-767545 

9.767834 

9.768124 

9.768413 

10.232745 

10.232455 

10.232166 

10.231876 

10.231587 

10.063938 

10.064012 

10.064086 

10.064160 

10.064234 

10.296683 
10.296467 
10.29625 1 
10.296036 
10.295821 

40 

39 

38 

37 

3  6 

9704395 

9.704610 

9704825 

9.705040 

9705254 

?7Q-5469 

9.935692 

9.935618 

7-935543 

9.935469 

7-935395 

7-93532o 

9.768703 

9.768992 

9.769281 

9.769370 

9.769860 

Sr770448 

10.231297 

10.231008 

10.230719 

16.230430 

10.230140 

10.229852 

10.064308 

10.064382 

10.064457 

10.064531 

10.064.605 

10.064680 

10.295605 

10.293300 

10.295175 

10.294960 

10.294746 

10.294531 

35  || 
34 

33 

32 

3' 

30 

-  •  i 

Sine 

i  t'*  .  .  ' 

Tangent 

1 

1 

Secant 

s 

3  * 

3 

et>  * 

^  /  ,  sir 

—  —  Degrees/  : 

I 


_ 


Tangents,  and  Secants. 


(  4i9  ) 


30  Degrees. 


;3° 

3 1 


3? 

33 

34 


35 

36 


40 

41 


4Z 

43 


•7°5469 

.705683 

.705897 

.7061  12 

.706326 

.706539 

.706753 

.706967 

.707180 

•7°7393 


707606 


.70781-9 

.708032 

.708245 

.708457 


45 

46 

47 

48 

49 


1.70973° 

.709941 


1.708670 
.708882 

1.709094^  ,  , 

.7093069.933973 


9.933898 


52 

53 


.710575  9.933S20 


55 

56 


^.710786 

'•7 10997 
1.71 1208 

>-7IX4*9 
). 711629 

.711839 


Tangent 

S 

9.770148! 

9-77943?  1 
9.770726  1 

9.771015  1 
9.771303 

0.229852  10 
0.229563  10 
0929274  10 
0.228985  10 
0928697  10 

9.771592 

9.771880 

9.772168 

9-772457. 

?  9-77?74S 

0.228408  10 
10.228120  10 
10.227832  10 
10.227543  ia 
10.227255  IC 

4  9-773°3’3 

9  9-773321 
49.773608 
9  9.773896 
49.774184 

10.226967  IC 
to.226679  IC 
10.226392  IC 
10.226104  IC 
10.225816  I< 

9  9-77447 1 
3  9-774759 

8  9.775046 

3  9-775333 
8  9.775621 

10.225529  1< 
10.225241  I 
10.224954  I 
10.224667  I 
10.224379  I 

2  9.775908 

1-7  9.776195 
7 1  9.776482 
?6  9.77676c 

209.77705; 

10.224092  I 
10.223805  I 
110.223518  I 
10.223231  1 
10.222945 

4-4  9*77734- 
69  9.77762 

93  9*7779 1 
17  9.77820 
41  9.77848 
66  9.77877 

l  10.222658 
i  10.222372 
;  10.222085 

1  10.221799 

7  10.221 5 1 3| 
4  10.221226! 

Tangent 

Secant 


10.29453 1 
10.294317 
10.294103 

10.29388; 

10.29367/ 


10.293461 

10.293247 

10.293033 

10.292820 

10.292607 


10.065426  f 


(  42°  )  A  Table  of  Artificial  Sines, 

31  Degrees. 

£ 

5 

c 

rD 

V) 

Sine 

i 

Tarigen 

Secant 

60  ; 

59  ; 
78  * 

57  l 

56  1 
55  ; 
54 

53  ; 
52 

5_£  . 
5° 

49 

48 

47 

46 

45  *' 
44 

43 

42  ■ 

4£ 

40 

39 

38 

37 

36 

35 

34 

33 

32 

3* 

30 

c 

1 

2 

3 

_4 

5 

6 

7 

8 

J? 

9.711835 

9.712045 

9.712259 

9.712469 

9.712675 

9.933066 

9.93299c 

9-9329 1 4 
9.932838 
9.932762 

9-778774 

9.77906c 
9-779346 
9-779^3  2 
9-7799*8 

10.221226 

10.22094c 

10.22065,: 

10.220308 

10.220082 

10.06693^ 
10. 06701c 
10.067086 
10.067162 
10.067238 

10.288161 

10.287951 

10.287741 

10.287531 

10.287321 

9.712889 

9.713098 

97i33°k 

97i3Si7 

9713726 

9.932685 

9.932609 

9-932533 

9-932457 

9.932380 

9.780203 

9.780489 

9.780775 

9.781060 

9.781346 

*0.219797 
10.2195 1  * 
10.219225 
10.218940 
10,218654 

10.067315 

10.067391 

10.067467 

10.067543 

IO.06762O 

10.2871.1 1 
xo. 286902 
10.286692 
10.286483 
10.286274 

10 

1 1 

12 

*3 

h 

* 5 

i6 

*7 

18 

£9 

20 

2  i 

2  2 

2  3 

24 

25 

26 

27 

28 

29  c 

3° 

97r3935 

97I4I44 

9-7*4352 

9714561 

9714769 

9.932304 

9.932228 

9.932151 

9.932675 

9.931998 

9.781631 

9.781916 

9.782201 

9782486 

9.782771 

10.218369 

10.21808^ 

10.217799 

10.21751^. 

10.217229 

10.067696 

10.067772 

10.067.849 

10.067925 

10.068002 

10.286065 
10.285856 
10.285648 
*0.285439 
10.28523 1 

9714978 

9.715186 

9715394 

9.7x5601 

9.715809 

9.93  !92  I 
9.931845 
9.931768 
9.931691 
9.931614 

9.783056 

9-783341 

9.783626 

9.783910 

9.784195 

10.216944 

10.216659 

10.216374 

10.216090 

10.215805 

10.068079 

10.068155 

10.068232 

10.068309 

10.068386 

10.285022 

10.28481,:. 

10.284606 

10.284399 

10.284191 

9.716017 

9.716224 

9716432 

9716639 

9.716846 

9/931537 

9.931460 

9-931383 

9.931306 

9.931229 

9.784479 

9784764 

9.785048 

9.785332 

9.785616 

10.215521 

10.215236 

10.214952 

10.214668 

10.214384 

10.068463 

10.068540 

10.068617 

10.068694 

10.068771 

10.Z83983 

10.283776 

10.283568 

10.283361 

10.283134 

9717053 

9.717259 

9.717466 

9717672 

97*7879 

9.718085 

9.93U52 

?'93io75 

9.930998 

9.930920 

9.930843 

9.930766 

9.785900 

9.786184 

9.786468 

9.786752 

9.787036 

9-787319 

10.214100 
10.213816 
10.21 3332 
19-213248 
10.212964 
10.212681 

10.068848 
;  0.068925 
10.069002 
10.069080 
10.069157 
10.060234 

10.282947 

10.282741 

10.282534 

10.282328 

10.282121 

10.281915 

Sine 

Tangent 

Secant 

s 

5 

c 

r-r 

a> 

58  Degrees. 

-1 


/ 


Tangents,  and  Secants.  (  421  ) 

31  Degrees. 

S 

Sine 

1 

05 

Tangent 

Secant 

3° 

2  9 
28 

3 

2S 

24 

23 

22 

21 

20 

‘9 

18 

n 

16 

"•5 

H 

*3 

12 

1 1 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

309.718085 
31  9.718291 
329.718497 
339.718703 
349.718909 

359.719H4 

369.719320 
37  9-7I9525 
389  •7I973° 
39  9-7 1 993  5 

9.930766 
9.930688 
9.93061 1 

9-93  °533 
9.930456 

9-7873  !9 
9.787603 
9.787886 
9.788170 
9-7884S3 

10.212681 

10.212397 
10.2121 14 
10.21 1839 
10,211547 

10.069234 

10.069312 

10.069389 

10.069467 

10.069544 

10^81915 

10.281709 

10.281503 

10.281297 

10.281091 

10.280886 

10.280680 

10.280475 

10.280270 

10.280065 

9-930378 

9.930300 

9.930223 

9.930145 

9.930067 

9.788736 
9.789019 
9.789302 
9.789585 
9.7898  68 

10.211264 

10.210981 

10.210698 

10.210415 

10.210132 

10.069622 

10.069700 

10.069777 

10.069855 

10.069933 

10.07001 1 

10.070089 

10.070167 

10.070245 

10.070323 

10.070401 

10.070479 

10.070558 

10.07063 6 

10.070714 

10.279860 

10.279655 

10.279451 

10.279246 

10.279042 

10.278838 

10.278634 

10.278430 

10.278226 

10.278022 

409.720140 
41  9.720345 
429.720549 
439.720754 
44  9.720958 

9.929989 

9.929911 

9.929833 

9.929755 

9.929677 

9-79° 1 5 1 
9-790433 
9.790716 
9.790999 
9.791281 

10.209849 

10.209567 

10.209284 

10.209001 

10.208719 

43  9.721 162 

46  9.721 366 

47  9-72I57° 
489.721774 

4Q  9.721978 
50  9.722181 
5.1  9-722385 

52  9.722588 
33^.722791 
p  .(  0.722Q04 

9.929599 
9.92952! 
9.929442 
9.929364 
q. 929286 

9.791563 

9.791846 

9.79Z128 

9.792410 

9.792692 

10.208437 
10. 20815.* 
10.207872 
10.207590 
10.207308 

9.929207 

9.929129 

9.929050 

9.928972 

9.928893 

9.792974 

9.793256 

9-793538 

9.793819 

9-794101 

10.207026 

10.20674* 

10.206462 

10.20.6181 

10.205899 

10.070793 
10.07087 1 
10.070950 
10.071028 
10.071 107 

10.Z77819 
10.277615 
10.27741 2 
10.277209 
10.277006 

S  *1-  1  i  77~ 

55  $-723i97 
c6  9.72340c 

p7  9.7,23603 
58  9-723805 
^99.724007 

Am  a. 7  2/12  Ir 

9.928814 

9.928736 

9.928657 

9.928578 

9.928495 

Q.92842C 

9-794383 

9.794664 

9-794945 

9.795227 

9-795508 

9-79578? 

10.205617 

10.205336 
10.7.05055 
10.204773 
10.204492 
10.20421 1 

10.071 186 
10.07126^ 
10.07,1343 

10.071422 

10.071501 

10.07158c 

10.276803 
10.27 660c 
10.276397 
10.276195 
10.275993 
10.27579c 

| 

.^2 — I— 

j  Sine 

* 

Tangent 

Secant 

£ 

5' 

G 

r-r 

et> 

1  <£ 

258  Degrees. 

1  - 

m 


(  422  ) 


A  Tabic  of  Artificial  Sines, 
32  Degrees. 


Sine 


_4  973017 


9.724210  9.928420  9795789 
9-7244IZ  9.928541  -  ^  -/f-- 
0.7246149.928262 
3  9.7248169.928183 


Tangent 


9790070 
9796351 
_  9796632 

9.928104  9796913' 


5  9725219  9.928025  9797194 

6  9725420  9-92794'Jl9797474 

7  9725j22  9.927867  9797755 

8  9725823  9.927787  9.798036: 
^9  9726024 9.927708  97983 16 

10  9.726225  9.92.7628  9798596 

1 1  9726426  9-927549j9. 79,8877 
1297266269.92746919799157 

13  97208279.9273909,799437 

14  9727027  9.927310  9.7997 1 7 


19  9728027 

20 

21  9728427  9.926751 

22  9728626  9.92667 1 

23  9728825  9.926591 

24  9729024  9.9265 1 1 
259729223  9.926431 
26  9.729422  9.92635 1 


9727228  9-92723 1 
169.7274289.927151 
*7  97276289.927071 


979999? 
9.800277 

-  ^  ,  / - y  /  *  9^800557 

l8,  9.727828  9.926991  9.800S36 
9.926911  9.801  I  16 


10.2025: 


1C. 


27  9729621  9.926270 

28  9-7298169.926190 

29  9-73°°i 8  9.9261 10 


9.802792 
9.863072 
9-8o335 1 

9.803630 

-  y-y - ^,9.803908 

30  973°2»6  9.926029  9.804187 


9.001390  TO.  I98O04 
9.801675  10. 198325 
9.801955  16. 198045 
9.802234' 

9.802513 


Sine 


1  o.  1  ( 


10.196092 


Tangent 


Secant 

1  10.07158c 
0  10.071655 
9  10.071738 
8  10.071817 
7  10.071896 

IO-^7579c  60 
10.275588  59 
10.275386  58 
10.275 1S4  57 
10.274985  56 

5  10.071975 
5  10.072054 
>  ,0-0/2i33 
f  1 0-07221 3 
4  10.072292 

10.274781  55 
10.274580  54 
10.274378  53 
10.274177 52 
10-273976  51 

L  IO.O72372 

IO.O7245I 

IO.O7253I 

IO.O726IO 

IO.O72690 

10.273775  5° 

IO-273574  49 

I °.27 3^74  48 
10.273*73  47 
10.272973  46 

IO.O72769 

rO.072849 

IO.O72929 

10,073009 

rO.073089 

10.272772  45 
10.272572  44 
10.27237243 
10.272172  42 
10.271973  41 

IO.O73169 

IO.O73249 

IO:°73329 

10.073409 

10.073489 

10.073569 

10.073649 

10.073730 

ro.073810 

10.073890 

10.073971 

10.271773  40 
10.271573  39 
10.27x37^  38 
10.271175  37 
10.270976  36 

10.270777  35 
10.270578  34 
10-27037933 
10.270185  32 
10.269982  31 
10.269784  30 

§ 

Secant  g 

r* 

57  Degrees. 


•  .2,  /  ■ 


Tangents,  and  Secants, 


C  423  ) 


32  Degrees. 


3° 

|3* 

32 

33 

34 

35 

36 

37 

38 


Sine 


730216  9.926029 

9-73°4,5  9*925949 
9. 730613  9.925*568 
9. 730811  9.925787 
9.73 1009  9.925707 
9.73 1206  9.925626 
9. 731404  9-925545 

9.73 1601  9*9  25  4^5 

9-73 1 799  9-925384 
39  9-73I996  9-9253°3 


40 

41 

42 


Tangem 


9.804187 

9.804466 

9.804745 

9.805023 

9-805302 


9-73 2 1 93  9-925222 
9-73239°9-925*4* 
9.732587  9.925060 

43  9-7327849-924979 

9.7329809.924897 


9-733  J7' 


46  9733373 

47 

48 

49 

5° 

5 1 
5Z 

53 

54 

55 


9.805580 

9.805859 

9.806137 

9.806415 

9.806693 


10.195813 
io.i95534 
10  i95255 
10.194977 
10. 194698 


ro.073971 

10.074051 

10.074132 

10.074213 

10.074293 


10.194420 

10.194141 

10.193863 

10.193585 

10.193307 


9-734*57 

9-734353 

9-734548 

9-734744 


9.806971 
9.807249 
9.807527 
9.807805 
9.808083 

9.924816  9.808361 

v/JJJ(J9-9H735  9-* 

9-753569  9-924653  9-8o39i6 

9-733765  9-924572  ~  °  ” 

9.733961  9.924491 

9.924409 


10.193029 

10.192751 

10.192473 

10.192195 

10.191917 


9.809193 

9.809471 


9.809748 

9.810025 

9.810302 

9.810580 


10.191639 

10.191362 

10.19108^ 

10.190807 

10.190529 


Secant 


10.074374 

10.074455 

10.074535 

10.074616 

10.074697 


10.269784  30 
10.269585 
10.269387 
10.269189 
10.268991 


10.268794 

10.268596 

10.268399 

10.268201 

10.268004 


10.074778 
10.074859 
10.074940 
10.075021 
10.075 103 


:5 

24 

23 

22 

21 

20 

l9 

18 


10.075184 

10.075265 

10.075347 

10.075428 

10.075509 


10.267807 
10.267610 
10.267413 
10.267216 
10.267020  16 
— i 

15 

*4 
*3 


9.924328 
9.924246 

jt,t.  9-924l64 
9.734939  9.924083  918ioS57 

9-735*34  9-9HOOI9-8lII34 
5&9-73533°9-9239*99-8*>4*° 

57  9-73S525  9-923837  9  8* 

58  9-7357*9  9-923755  9-8**964 

599-73S9*49-923673  9-8i2“+i 
60  9.736109  9-92359*  9-8l23*7 


10.190252 

10.189975 

10.189698 

10.189420 

10.189143 


10.07559* 
10.075672 


10.266823 

10.266627 

10.266431 

10.266235 

10.266039 


10.265843 

10.263647 


10.075917 


10.188866 

10.188590 

10.188313 

10.188036 

10.187759 

10.187483 


10.075754  10.265452 
10.075836  10.265256 
10.26506 
10.264866 
10.264670 
10.264475 
10.264281 
1 0.2  6408  6 

10.263891 


Sine 


10.075999 

10.076081 

10.076163 

10.076245 

10.076327 

1.0.076409 


T  angent 


Secant 


1 1 

10 

9 

8 

7 

6| 

7 

4 

3 

2 

1 


57  Degrees. 


d  4 


JSWvUIJ^ 


(  424  )  A  T.  able  of  Artificial  Sines, 


33  Degrees. 


Sine 


9.736i°g  9.923591 


Tangent 


12 


-  •  -  „  ,  „  9*^125 17 

9-7363°3  9-9235°9  9*812794 


9-73746; 


89.737661 


9  9-737833  9-92285 1 


13  9.738627 


•4 


16 


*9 


20  9-739975 


z9 

309 


9.922933 


109.7380489.9227689.815279 

ii  9.738241  9-9226869.815555 


9-7384349-922603  9.81583 


9-922520 


9.7388209.922438  9.816282 


9.739205  9.922272 


9-759783 


9.816107 


21  9.740167  9.921857 

22  9-74°359  9-92I774 

23  9.7405509.921691 


25  9-74°9349-92I524 

26  9.741125  9.921441 

27  9-7413I69-92t357 
289.7415079.921274 


9.922023 


9.921940  9. 818035 


9^817759 


■  ^  9.818860 

249-7407429-921607  g.Siqnc 


9.819410 

9.819684 

9.819959 

S2O234! 


9.741699  9.921 190  9.820508 


41..889  9.921 107 


Sine 


9.820783 


It 

Secant 

\ 

7  10.18748: 
4  10.187206 
0  10.18693c 
7  10.186653 
3  10.186377 

(10.076405 

10.076491 

io-°76573 

10.076655 

10.076737 

10.263891  60 
IO.263697  59 
IO.263502  58 
IO.263308  57 

IO.265II4  56 

5  10. 186101 
10.185825 
2  10.185548 
^  10.185272 
-  10. 1 84996 

110.07682c 

10.076902 
10.076984 
10.0770 67 
'0.077149 

IO.262920  55 

IO.262726  54 
1°. 262533  53 
IO.262330  32 
10.262145  S1 

10.184721 

10.184445 

10.184169 

10.183893 

10.183618I 

10.077232 

10.077314 

1 0.077397 

IO-°7748° 

10.077562 

10.261952  50 
10.261759  49 
10.261566  48 

10.261373  47 

10.261 180  46 

xo.  183342I10.077645 
10. 1  S3 067  10.077728 
10.182791  10.077811 
10. 1825 16  10.077394 
10.182241)10.077977 

10.260987  4£ 
10.260795  44 
10.26060^  43 
10.260410  42 
10.260217  41 

10. 1 8 1965  Ii  0.078060 

10. 181690  10.078143 
10.181415110.078226 
10.181140(10.078309 
10. 1 80865(10.078303 

10.260025  40 
'o. 259833  39 
10.259641  38 

10.25945037 

10.259258  36 

1 0. 1 805  90  1 0.078476 
10.180316  io. 07 8559 
10.180041  10.078643 
10.179766  10.078726 
10.179492  10.078810 
10.179217(10.078893  1 

10.259066  35 
0.258875  34 
0.258684  33 

0,258493  3  2 
0.258301  31 
0.258m  30 

Tangent 

1  § 

1  Secant  g 

.  ’  n 

56  Degrees. 


/ 


Tangents,  and  Secants. 


(  4^5  ) 


33  Degrees. 


9.741889 


9.7420809-921023 


329.742271 

33  9-7 42462 

349.742652 

35  9-74284z 
369.743033 
379.743223 


389 

39 


9.920520 
9.920436 
9.743602  9-920352 


48 


59  9-747374, 

60  9.74756219.918574 


Sine 


9.921 10; 


9.920939 


9.920855  9.821606 


4°  9-743792  -  - 

41  9.7439829-920184 

42  9.744171  9-920099 

43  9-744361  9 -92°OI5 

44  9.744550  9-9 1 993 1 

45  9-744739  9-9 19846 

46  9-744928 

47,9-745II7  9-9I9677 


9.820783 

9.821057 

9.821332 


Tangent 


9.7453069-919593 


49  9-7454949-9I95°8 
509.745683  9-9 19424 

51  9.745871  9-919339 

52  9.7460599-919254 

53  9.746248  9.919169 

54  9.746436  9.9190849.82735 


5  9.7466249.919000 
69.746811 
57  9-74^999 
8  9-747I87 


Sine 


9.827624 


9.918915  9.827897 
9.918830 
9-918 744 

9.918659 


Secant 

10.179217  I 
10.178943 
10. 178668 
10.1783941 
10.178120 

0.078893  i< 
0.078977  i< 
0.079061  1 
0.079145  1 
10.079228  1 

10.177846 

10.1775 71 

10.177297 

10.177023 

10.176750 

0.079312  1 
10.079396  1 
10.079480  1 
10.079564  1 
10.079648  1 

10.176476 
10.176202 
10.175928 
10.175655 
?  10.175381 

10.079732  1 
10.079816  1 
10.079901  i 
10.079985  1 
10.080069  1 

3  10.175107 

5  10.174834 
9  10.174561 
3  10.174287 

6  10.174014 

10.080154 

1 0,-08023  8 
10.080323 
10.080407 
10.080492 

9  10.173741 
2  10.173468 
5  10.173195 
8  10.172922 
1  10.172649 

10.080576 

10.080661 

10.080746 

10.080831 

10.080916 

4  10.172 376 
7  10.172103 
0 10.17183c 
.2  10.171558 

5  10.171285 
7  10.171013 

10.081000 
10.081085 
10.081 170 
10.081256 
10.081 341 
10.081426 

Tangent 

rj 

3° 


IO-25394I 

10.253752 

10.25356/ 


io-253370 
10.253189 
10.253001 
I O;  25  28 1 3 

IO.252626 

IO.252438 


Secant 


22 

21 

20 

l9 

18 

*7 

1 6 

*5 
*4 
'3 
12 
1 1 
10 

9 

8 


56  Degrees. 


A 

/ 


$\\ 


(  426  )  A  Table  of  Artificial  Sines, 

34  Degrees. 

If? 

c  Sine 

ft 

rt 

00 

Tangen 

t 

Secant 

°9-74756- 

1  9-74774!. 

2  9*74793c 

3  9-74812; 
49.74831c 

19.918575 
>  9.91848c 
991 840^ 
[9.918318 
>9.918233 

9.82898; 

9.82926c 

9.829532 

9.829805 

9.830077 

10.17101 

10.17074c 

10.17046^ 

10.170195 

10.169923 

10.08142 
10.0815 1 
io.o8i59< 
10.08168. 
10.08176; 

6  10.252438  60 
10.252251  59 

3  10.252064  58 
10.251877  57 
10.251690  56 

5  9-748497 
69.748683 
79.74887c 

8  9749o56 

99.749242 

9.918147 

9.918062 

9.917976 

9.917891 

9.917S05 

9.830345 
9.830621 
9.830893 
9.831 165 

9-831437 

10.169651 
1  °.  1 69379 
10.169107 
10.168835 
10. 168563 

10.08185; 

10.081938 

10.082025 

10.082105 

10.082195 

10.25 1503  55 
10.251317  54 
10.251130  53 
10.250944  52 
10.250758  51 
16.250571  50 
10.250385  49 
10.250199  48 
10.250013  47 
10.249828  46 

109.749429 

11  9.749615 

12  9.749801 

1 3  9-7499^7 
H  9-75OI72 

9*9  *  77 1 9 
9.917634 
9.917548 
9.917462 
9.917376 

9.831709 

9.831981 

9.832253 

9.832525 

9.832796 

10.168291 
10. 1 68019 
10. 167747 
10.167475 
10. 167204 

10.082281 

10.082366 

10.082452 

10.082538 

10.082624 

15  9-75°358 

169.750543 
179.750729 
189.750914 
199-751099 
209.751284 
21  9.751469 
229.751654 
239.75183.8 

24  9752023 

9.917290 
9.917204 
9.9171 18 
9.917032 

9-9 1 6945 

9.916859 
9.916773 
9.916687 
9.916600 
9.9165 14  ( 

9.833068 

9.833339 

9.833611 

9.833882 

9.834154 

9.834425 

5.834606 

9.834967 

9.835238 

5.835509 

10.166932 
10. 1 6666 1 
10. 166389 
10.166118 

10. 165846 

10.082710 

10.082796 

10.082882 

10.082968 

10.083055 

10.249642  45 

1  o.2  4945  7  44 
10.249271  43 
10.249086  42 
10.248901  41 

10.165575 

10.165304 

1 0.165033 
to.  164762 
0. 164491 

10.083141 

10.083227 

1 0.083313 
10.083400 
0.083486 

10.248716  40 
10.24853  r  39 

10.248346  38 
10.248162  37 

10.247977  3^ 

25  9.752207 

26  9.752392 

27  9*7S257^ 

28  9.752760  c 
299.752944; 
3°  9-75312.85 

9.916427 
9.916341 
9.916254  C 
9.916167  c 
9.916080  5 
9.9169945 

9.835780 

9.836051 

9.836322 

9.836593 

9.836864 

>•837134 

0.164220 
0. 1 63949 
0. 163678 
0.163407  j 
0.163136  1 
0. 162866  1 

°-o83573 

0.083659 

0.083746 

0.083833 

0.083920 

0.084006 

10.247793  35 
10.247608  34 
10.247424  33 
i  0.247  240  32 
10.247056  31 
10.246872  30 

Sine 

Tangent 

s 

Secant  g 

1  fj 

55  Degrees.  j 

Tangents,  and  Secants-  (  427  > 


34  Degrees. 


a 

UQ 

Minutes 

rangen. 

Secant 

>-9‘5994i 
?-9I59°7  5 

J-9I582c; 

>-915733 

4915646, 

>•837134 

>-8574°2 

4837675 

4837946 

4838216 

0. 102800 
0.162595 
0.162325 
0.162054 
0.161784 

0.084006 

10.0840931 

10.084180 

10.084267 

10.084354 

0.246872  30 

10. 246088  29 
10.246505  28 
10.246321  27 
IO.246138  2U 

3°  9-753 I2^ 

3 1  9-75  33 12 

3  2  9*753495 
33  9-753°79 
34i9-753^6.2 

?-9 1 5  559 

4915472 

9-9 1 5  385 
4915297 
9.915210 

4838487 

7-838757 

9.839027 

9.839297 

9.839568 

0.161513 

0.161243 

10.160973 

10.160703 

10.160432 

10.084441 

10.084528 

10.084615 

10.084703 

10.084790 

IO.24595425 
10.245771  24 
10.245588  23 
IO.2454O5  22 
IO.245222  21 

35  9-75+°46 
369.754229; 

37|9-754+I2< 

38  9-754595 

39  9- 75 477 ^ 

9*9 1 5 1  z3 
9-915°35 

9.914948 

9.914860 

9-9*4773 

9.839838 
9.840108 
9.840378 
9.840647 
g. 840917 

10.160162 

10.159892 

10.159622 

10-159353 

10.159083 

10.084877 
10.084965 
10.085052 
10.085 140 
10.085227 

IO.245O4O  20 
IO.244857  19 

IO.244674  18 

IO.244492  17 
10.24431c  l6 

4°  9.75496° 
41  9-755H3 
42:9.755326 

43  9*75 55°8 

449.75569° 

9.914685 

9.914598 

9.91451° 

9.914422 

9-9 1 43  34 

9.841 187 
9.841457 
9.841726 
9.841996 
9.842266 

10.158813 

10.158543 

10.158274 

10.158004 

10.157734 

10.085315 

10.085402 

10.085490 

10.085578 

10.085666 

10.244128  If 
IO.243946  14 
IO.243764  13 
IO.243582  12 

I  O.2434.OO  1 1 

45  9-75 5 87 2 
46,9-756o54 
47  9‘75023° 
489.756418 
+9  9*756600 

9.914246 

9.914158 

9.91407c 

9.913982 

9-913894 

9.842535 

9.842805 

9.843074 

9-843343 

J9.843612 

10.157465 

10.157195 

10.156926 

10.156657 

10.156388 

10.085754 

10.085842 

10.08593c 

io.o86oi£ 

10.086106 

IO.2432I9  IO 
10.243037  9, 
10.242856  8 
10.242674  7 
10. 24249 j  6 

5°  9.75678 1 
519.756963 

5  zi9-757 1 44 
53:9.757326 

54,9-7575°7 

9.91380^ 

)  9*9*371* 
,9.91363c 

>  9-9*354 
1  9-9*345. 

9.91336. 

9.843882 

59.844151 

3  9.84442c 
9.844685 
39.84495^ 
39.84522; 

10.156118 
10.155845 
>10. 15558c 
10.155311 
10.15504: 
10.15477 

10.08619. 
I  10.0^6281 
10.08637c 
10.08645c 
1  10.08654; 
10.086631 

.10.242312  5 
10.242131  4 
310.241951  3 
10.241770  2 
10.241589  1 

5  10.241409  0 

55:9.75768^ 

569.75786c 

57:9.75804c 

589.75823c 

?99-7584i 

60,9.75859 

Sine 

T  angent 

<? 

Sacant  1 

♦  c-t 

n> 

05 

55  Degrees. 


vi5, 

- 

|  >  42^  ) _ A  Table  of  Artificial  Sines, 


35  Degrees. 


o 

,c 

c/5 

Minutes 

Tangen 

Secant 

°9-75859 

;  975877; 
29.7589(1; 

3  9759I32 

4  9-7593 1 2 

9.913364 

-9-9I327( 
9*9 1 31 87 
9-913°9S 
99I3OIC 

(.  9.84522; 
9.84549c 
9.845764 
9-846033 
9.846302 

10,I5477. 

10.154502 

10.15423C 

IO-I5396/ 

10.15369k 

;  10.08663c 
.  10.086724 
10.08681  - 
10.086901 
10.08699c 

10.241409  5o 
10.241228  59 
10.241048  58 
10.240868  57 
10.240688  56 

5  9759492 
69759672 

79759851 

8  9.760031 

9  9.76021 1 

9.912921 

9.912833 

9.912744 

9.912655 

9.912566 

9.84657c 

9.846839 

9.847107 

9.847376 

9.847644 

IO-  I5343c 
10.153161 
10.152893 
10.152624 
10.152356 

10.087075 

10.087167 

10.087256 

10. 08734.1- 

i°-o87434 

10.087523 

10.087612 

10.087701 

10.087790 

10.087879 

10.240508  55 
10.240328  54 
10.24014953 
10.239969  32 
10.23978951 
10.239610  50 

1  °- 23943 1  49 
10.239252  48 
IO- 239073  47 
10.23889446 

109760390 
ri  9.760569 
iz  9.760748 
139760927 
14  9761106 

9.912477 

9.912388 

9.912299 

9.912210 

9.912121 

9.847913 

9.848181 

9.84S449 

9.848717 

9..8489S5 

10.152087 

10.151819 

io.i5iS5i 

10.151283 

10.151015 

1 3  9761 285 
t6  9761464 

17  9.761642 

18  9761821 
199761999 

9.912031 
9.911942 
9.9 1 1 85  3 

9-9II763 
9.91167  4 

9.849254 

9.849522 

9.849790 

9.850057 

9.850325 

10.150746 

10.150478 

10.150210 

10.149943 

10.149675 

10.08796 9 
10.088058 
10.088147 
10.088237 
10.088326 

10.23871545 
10.23853644 
10.238358  43| 
10.238179  42 
10.23S001  41 

20  9762177 

21  9762356 
229762534 

23  9762712 

24  9.762889 

9.911584 
9.911495 
9.911405 
9.911315 
3.91 1 226 

9.850593 
9.850861 
9.851 128 
9.851396 
3.85 1664 

10. 1 49407 
ro.  149139 
10.148872 
10. 148604 
10.148336 

10.088416 

10.08S505 

10.088595 

10.088685 

10.088774 

10.23782340 
10.23764439 
10.237466  38 
10.23728837 
10.2371 1 1 36 

25  9763067 

26  9763245* 
279763422* 

28  9763600 

29  9763777? 

309763954 

9.911136 

9.91 1046 

9.910956* 

3.910806 

9.910776? 

9-910686 

9.851931 

9.852199 

9.852466 

9.-8.-2733 

3.853001 

9.853268 

ro.  148069 
10.147801 

ro- 14?534 
10.147267 
to.  146999 
0.146732 

10.088864 
10.088954 
10.089044 
10.089134 
0.089224 
0.0893 14 

10.236933 35 
10.23675534 
10.236578  33  1 
10.236400  32 
to. 236223  31 
0.236046  30 

Sine 

r  angent 

k 

Secant  g 

ft 

a> 

5 ‘4  Degrees. 


. 


Tangents,  and  Secants.  (  429  ) 


35  Degrees. 

2 

3 

r-t 

a> 

CO 

3° 

31 

32 

33  < 

34 

Sine 

Tangent 

Secant 

3.9 10686 
7.910596 
7.910506 
7.910415 
9*9io325 

7.853268 

9-353535 

9.853802 

9.854069 

9*354336 

10.146732 

10.146465 

10.146198 

1  °* 1 4593 1 
10.145664 

10.089314 

10.089404 

10.089494 

10.089585 

10.089675 

0.236046  30 
10.235869  29 
10.235692  28 
10.235515  27 
10*235338  26 

9*7^3954 

9*76413 1 

^764308 
7.764485 
7.764  662 

9*9i0235 

9.910144 

9.910054 

9.909963 

9.909873 

9.854603 

9.854870 

9*855I37 

9.855404 

9.855671 

10.145397 

10.145130 

10.144863 

10.144596 

10.144329 

10.089765 

10.089856 

10.089946 

10.090037 

10.090127 

10.235 1 62  25 
10.234985  24 
10.234S09  23 
10.234633  22 
10.234456  21 

35 

36 

37 
33 
39 

7.764838 

7.765015 

7.765191 

7.765367 

7.765544 

9.909782 

9.909691 

9.909601 

9.909510 

9.909419 

9.855938 

9.856204 

9.856471 

9*856737 

9.857004 

10.144062 

10.143796 

10.143529 

10.143263 

10.142996 

10.090218 

10.090309 

10.090399 

10.090490 

10.090581 

10.234280  20 
10.234104  19 
10.233929  18 
10.233753  17 
10.233577  16 

4° 

41 

42 

43 

44 

7.765720 

9.765896 

9.766071 

9.766247 

9.766423 

9.909328 

9-9°923 7 
9.909146 
9.909055 
9.908964 

9.85727° 

9*857537 

9.857803 

9.858069 

9.858336 

10.142730 

10.142463 

10.142197 

10.141931 

10.141664 

10.090672 

10.090763 

10.090854 

10.090945 

10.091036 

10.233402  15 
10.233226  14 
10.233051  13 
10.232876  12 
10.232700  1 1 

47 

48 

J.0 

9.766598 

9.766774 

9.766949 

9.76712/ 

0.767300 

9.908873 

9.908781 

9.908690 

9.908599 

9.908507 

9.858602 

9.858868 

9^59*34 

9.859400 

9.859666 

10.141398 

10.141132 

10.140866 

10.140600 

10.140334 

10.091 127 
10.091219 
10.091310 
1 0.09 1 40 1 
10.091493 

10.232525  10 
10.232351  9 
10.232176  8 
10.232001  7 
10.231827  6 

£ 

52 

53 

54 

5* 

56 

57 
53 

59 

6c 

9*767475 

9767649 

9.1767824 

9.767999 

9.768173 

9.90841C 

9.90832/) 

9.908233 

9.908141 

9.90804c 

9.90795^ 

9.859932 

.9,860198 

9.86046/ 

9.86073c 

>9.860995 

9.861261 

10.140068 

10.139802 

.10.139536 

10.13927c 

10.139005 

10.13873c 

10.09158/ 

10.091676 

10.091767 

10.091859 

10.091951 

10.092042 

10.231652  5 
10.231478  4 
10.231303  3 
10.231129  2 
10.230955  1 
10.230781  0 

9.768348 

9.768522 

9.766697 

9.768871 

9.769045 

>9.769215 

Sine 

Tangent 

S 

Secant  g 

r-t 

g> 

54  Degrees. 


|  (  430  )  A  Table  of  Artificial  Sines, 


36  Degrees. 


s 

c 

o’ 

Sine 

Tangent 

Secant 

0 

1 

2 

3 

4 

9.769219 

9.769392 

9.769566 

9.76974° 

9.769912 

9.907958 

9.907866 

9.907774 

9.907682 

9.907590 

9.861261 

9.861527 

9.861792 

9.862058 

9.862323 

IO-I38739 
10.138473 
10. 138208 
10.137942 
10.137677 

10.092242 

10.092134 

10.092226 

10.092318 

10.C9Z410 

10.230781 

10.230608 

10.230434 

10.230260 

10.230088 

60 

59 

58 

57 

56 

55 

54 

53 

5Z 

ii 

'5° 

49 

48 

47 

46 

5 

6 

■  7 
8 

9 

10 

11 

12 

13 

H 

9.770087 

9.770260 

9-77°433 

9.770600 

9.770779 

9.907498 

9.907406 

9.907314 

9.907222 

9.907129 

9.862589 

9.862854 

9.863119 

9.863385 

9.863650 

10.137411 

10.137146 

10.136881 

10.136615 

10.136350 

10.092502 
10.092594 
10.092686 
10.092778 
10.09287 1 

10.229913 

10.229740 

10.229567 

10.229394 

10.229221 

9.770952 
9.771 125 
9.771298 
9.771470 
9-77»643 

9.907037 
9.906945 
9.906852 
9.906760 
9  906667 

9.863915 
9.86418c 
9.864445 
9.86471 1 
9.S64975 

10.136085 
10.13582c 
ro- 1 35  555 

10.135289 

10.135025 

10.092963 

10.093055 

10.093148 

10.09324c 

10.093333 

10.229048 
10.228875 
10.228702 
10.228530 
1 0/228357 

*5 

16 

*7 

18 

9.771815 

9.771987 

9.772159 

9.772331 

9.772503 

9.906574 

9.906482 

9.906389 

9.906296 

9.906204 

9.86524c 

9.865505 

9.865770 

9.866035 

9.866300 

10.134760 

10.134495 

10.134230 

IO-I33965 

10.133700 

10.093426 
10.0935 18 
10.09361 1 
10.093704 
10.093796 

10.228185 
10.228013 
10.227841 
10.22 7669 
10.227497 

45 
44 
43| 
4  2] 

4£ 

4° 

39 

35 
37 

36 

20 

21 

22 

23 

24 

9.772675 

9.772847 

9.773018 

9.773190 

9.773361 

9.9061 1 1 
9.906018 
9.905925 
9.905832 

9-905739 

9.866564 
9.866829 
9.867094 
9  867358 
9.867623 

10.133436 
10.133171 
10.132006 
10. 132642 
10.132377 

1 0.093  8  89 
10.093982 
10.094075 
10.094168 
10.094261 

10.227325 
IO.227  I  5.3 
10.22698c1 
10.226810 
10.226639 

25 

26 

27 

29 

3° 

9-773533 

9-7737°4 

9-773875 

9.774046 

9.774217 

9.774388 

9.905645 

9.905552 

9.905459 

0.003366 

9.905272 

9-905179 

9.867887 

9.868152 

9.868416 

9.868680 

9.868945 

9.869Z09 

10.13Z1 13 
10.131848 
10.131584 
10.131320 
10.131055 
10.130791 

10.094355 

10.094448 

10.094541 

10.094634 

10.094728 

10.094821 

IO.2264 67 
IO.Z26296 
IO.Z26125 
10.225954 
10.225783 
IO.225612 

35 

34 

33 

32 

31 

30 

§ 

5 

p 

r~* 

n> 

.60 

Sine 

Tangent 

kJ 

Secant 

53  Degrees. 


V'  " 

—  — — - -  — - 

Tangent?,  and  Secants.  '  (  431  ) 


36  Degrees. 


g 

5 

c 

r~f 

a 

C/> 

30 

3 1 
3Z 
33 
11 
35 
3^ 
37 
3* 

39 

40 

41 

42 

43 
11 

45 

46 

47 

48 

12 
5° 
5 1 

53 

11 

55 

56 

57 

58 

59 
6c 

Sine 

J 

Tangent 

Secant 

- 

30 

29 

28 

27 

26 

9.77433b 

3-77455** 

9.774729 

9.774899 

9.77507° 

9-905179 

9.905085 

9.904992 

9.904898 

9.904804 

9.869209 

9.869473 

9.869737 

9.870001 

0.870265 

10.130791 
10.130527 
10.130263 
10. 129999 
10.129735 

10.094821 
10.094915 
10.095008 
10.095 102 
10.095 196 

10.225612 
10.225442 
10.225271 
10.225 lOI 
10.224930 

9.77524° 

9.77541° 

9-775580 

9-77575° 

9.77592° 

9.776090 

9.776259 

9.776429 

9.776598 

9.776768 

9.90471 1 
9.904617 
9.904523 
9.904429 

9-9°4335 

9.904241 

9.904147 

9.904053 

9-9°3959 

9.90386;. 

9.870529 
9.870793 
9.871057 
9.871 321 
9.871585 

10.129471 

10.129207 

10.128943 

10.128679 

10.128415 

10.095289 

10.095383 

10.095477 

10.095571 

10.095665 

10.224760 

10.224590 

10.22442c 

10.224250 

10.224080 

25 

24 

23 

22 

21 

20 

!9 

18 

*7 

16 

r5 

*4 

*3 

12 

1 1 

9.871849 
9.8721 12 
9.872370 
9.872640 
9.872903 

10.12815 1 
10.127888 
10.127624 
10.127360 
10.127097 

10.095759 

10.09585-3 

10.095947 

10.096041 

10.096136 

10.223910 

10.223741 

10.223571 

10.223402 

10.223232 

9-776937 

9.777106 

9-777275 

9-777444 

9-7776r3 

9.90377° 

9.903676 

9.90358! 

9.903487 

9.903392 

9-873i67 

9.873430 

9.873694 

9-873957 

9.874220 

10.126833 
10.126570 
10.126306 
10.126043 
10. 125780 

10.096230 
10.096324 
10.096419 
10.0965 1 3 
10.096008 

10.223063 

10.222894 

10.222725 

10.222556 

10.222387 

9.777781 

9.777950 

9.778119 

9.778287 

977^455 

9.003298 

9.903203 

9.903108 

9.9030'^ 

9.902915 

9.874484 

9.874747 

9.875010 

9-875273 

9-875536 

10.1255 1 6j  1 0.096702 
10.125253  10.096797 
1 0. 1 24990'  j  0.096892 
10.124727:10.096986 
1 0. 1 244.64!  1 0.09708 1 

10.222219 
10.222050 
10.22188 1 

10.2217 ! 
10.22  I  54c; 

10 

9 

8 

7 

6 

5 

1 

2 

1 

o' 

£ 

«“► 

O) 

c/5 

9.778623 
9.778792 
9.77896c 
9.779128 
9.779295 
9.77946  j 

9.90282; 

9.902725 

9.90263 

9.902535 

9.902444 

9.90234c 

9.875800 
9.870065 
9.876326 
9.8765  8g 
9.876851 
9.8771  !4 

10.12420c 

10.123937 

10.12367,! 

10.12341 

10.123145 

10.122886 

>110.097176 
10.0972  7 1 
T  0.097366 
10.097461 
10.097556 
10.097651 

IO.22I377 
10.221 20  ' 
IO.22IO4C 
IO.220872 
IO.220705 
IO.2ZO537 

Sine 

Tangent 

Secant 

53  Degrees. 


0  jMimuesI 


i 


it 

I  ?*,r" 


(  432  )  A  Table  of  Artificial  Sines, 

37  Degrees. 

S 

5 

c 

ft 

VI 

0 

1 

2 

3 

4 

7 

8 

9 

*  Sine 

Tangent 

Secant 

60 

59 

58 

57 

s£ 

55 

54 

53 

52 

51 

50 

49 

48 

H 

4  6 

9779463 

9.779631 

9.779798 

9.779965 

978oi33 

9.902349 

9.902253 

9.902158 

9.902063 

9.901967 

9.877U4 

9-877377 

9.877640 

9.877903 

9.878165 

10.122886 

10.122623 

10.122360 

10.122097 

10.121835 

10.09765 1 
10.097747 
10.097842 
10.097937 
10.098033 

10.220537 

10.220369 

10.220202 

10.220035 

10.219867 

9.780300 

9.780467 

9.280634 

9.780801 

9.780968 

9.901872 
9.90177 6 
9.901681 
9.901585 
9.901489 

9.878428 

9.878691 

9.878953 

9.879216 

9.879478 

10.121572 

10.121309 

10.121047 

10.120784 

10.120522 

10.098128 
10.098224 
10.098319 
10.098415 
10.0985 1 1 

10.219700 

10.219533 

10.219366 

10.219199 

10.219032 

10 

1 1 

12 

13 

14 

9.7S1134 

9.781301 

9.781467 

978i634 

9.781800 

9-9OI394 
9.901298 
9.901202 
9.901 106 
9.901010 

9.87974! 

9.880003 

9.880265 

9.880528 

9.880790 

10.120259 
10.119997 
10.119735 
10.1 19472 
10.119210 

10.098606 

10.098702 

10.098798 

10.098894 

10.09S990 

10.218866 

10.218699 

10.218533 

10.218366 

10.218200 

II 

17 

18 

j9 

20 

21 

22 

23 

24 

9.781966 

9.782132 

9.782298 

9.782464 

9.782630 

9.900914 

9.900818 

9.900722 

9.900626 

9.900529 

9.881052 

9.881314 

9.881576 

9.831839 

9.882101 

10. 1 18948 
io.i 186S6 
10. 1 18424 
10.118161 
10.1 17899 

10.099086 

10.099182 

10.099278 

10.099374 

10.099471 

10.218034 

10.217868 

10.217702 

10.217536 

10.217370 

45 

44 

43 

42 

ii 

40 

39 

38 

37 

31 
35 
34 
33 

32 
3i 
3° 

9.782796 

9.782961 

9.783127 

9.783292 

9-7s3457 

9.900433 

9-9°°337 

9.900240 

9.900144 

9.900047 

9.882363 

9.8S2625 

9.882887 

9.883148 

9.883410 

10.117637 

IO.n7.375 

10.117 113 
IO.I 16852 
io.i 16590 

10.09956 7 
10.099663 
10.099760 
10.099856 
10.099953 

10.217204 

10.217039 

10.216873 

10.216708 

10.216543 

z5 

26 

27 

28 

29 

30 

9.783623 

9.783788 

9 -7839S3 
9.7841 18 
9.784282 
9.784447 

9.899951 

9.899854 

9.899757 

9.899660 

9.899564 

9.899467 

9.883672 

9.883934 

9.884196 

9.884457 

9.884719 

9.884980 

IO.I 16328 
10.1 16066 
IO.I 15804 
10.115543 
IO.I 15281 
10.1 15020 

10.100049 

10.100146 

10.100243 

10.100340 

10.100436 

10.100533 

10.216377 

10.216212 

10.216047 

10.215886 

10.215718 

10.215553 

Sine 

Tangent 

Secant 

S 

=3 

C 

r~f 

CC 

. 

52  Degrees. 

Tangents,  and  Secants. 


(  433  ) 


37  Degrees. 


9.784447  9.899407 


9.784612 

9.784776 


9.784944  9.899170 


9-785105 


Sine 


9.785269 

9-785433 

9-785S97 

9.785761 


3° 

31 

32 

33 
3+ 

35 

36 

37 

38 

39 

40 

4* 

42 

43 

44 

45  9.786906 

46  9.787069 
479.787232 


9.899370 


9.8992739.885503 


Tangen- 


9.884980 

9.885242 


9.885765 


9.899078  9.886026 
9,898981  9.886288 
9.8988849.886549 
9.898787  9.886810 


9.898689  9.887072 
9.785925  9.898592  9-887333 
9.786089  9.898494  9.887594 
9.786252  9.898397  9.88785 5 

9.786416  9-898299  9  888*  16 

9.786579  9.898202  9.888377 
9.786742  9.8981049.888639 


48  9-787395  9-897712  9  889682 

49  978755719^976x4 9£?9943  i°-iioo5Z 

50  9787720  9.8975 16  9.890204 


9.898006 


10.X 15020 
10.114758 
10. 1  14497 
10.114235 
10.113974 


Secant 


1 0.1 13712 
10. 1 13451 
10. 1 13  *90 
10. 1 12928 
10. 1 12667 


10.100533 

10.100630 

10.100727 

10.100824 

10.100922 


i°-2i5553 

10.215386 

10.215224 

10.215059 

10.214895 


10.101019,10.21473 1 
10.101 1 16'  10.2145O7 
10.10121340.214403 
10.10131  ljlo. 214239 
10.101408  10.214075 


10. 1 12406 
10.112145 
10. 1 1 1884 
10. 1  I  1623 
10. 1 1 1361 


9.897908  9.889160 
9.897810  9.889421 


9.88890010.111100 


10.101506110.213911 
10.101603 10.213748 
10.101701,10.21358/1 
10.I0179840.2I342I 
10.101896110.21325b 


51 9.787883I9.897418  9.890465 
5 2  9.788045  9.8973209. 890725 


9.788208  9.897222 


549788370 

55  9-788532 

56  9.788694 


9.890986 


9.897123  9.891247 


9.897025 


57  9.78885619.896828 

58  9.789^1819.896729 

59  9-789\8o,9-89663 

60  9-789342;9-89653 


10.1 10840 
10.1 10579 
10.1 10318 


10.109796 

10.109535 

10.109275 

10.10901/ 

10.108753 


9.891507 


9.896926  9.891768 
'  9.892028 

9.892289 
9.892549' 
9.892810 


Sine 


10.108493 
10.108232 
10.107972 
10.107711 
10.10745 1 
10.107190 


>0 

29 

25 

27 

26 

25 

24 

23 

22 

21 

20 

‘9 

18 

J7 


10.10199440.213094 
10.10209210.212931 
10.102190  10.212768 
10.102288  10.212605 
10.102386  10-212443 


10.102484  10.212280 
10.10258210.21211 

10.102680  10.21 1955 
10.102778  10.21 1792 
10.102877110^211630 


10.102975-10.21 1468 
10.10307410.21 1306 

10.103 172  10.21 i 144 
10.103271  10.210982 
10. 103369  10. 210b 20 
10.103468  10.2 10658 


Tangent 


Secant 


52  Degrees. 


0  Minutes] 


j 


(  434  )  A  Table  of  Artificial  Sines, 

38  Degrees. 

£ 

a 

03 

Sine 

Tangent 

Secant 

60 

59 

58 

57 

S£ 

55 

54 

53 

S2 

T 

5° 

49 

48 

47 

46 

45 

44 

43 

42 

ii 

40 

39 

38 

37 

3^ 

35 

34 

33 

32 

V 

30 

§ 

e 

0 

c n 

O 

1 

2 

3 

_4 

'  5 
6 

1  7 
8 

9 

10 

1 1 

12 

*3 

H 

9-7S9342 

9-7895°4 

9.789665 

9.789827 

9.789988 

9.896532 

9.896433 

9-896335 

9.896236 
9-896 1 37 
9.896038 
9.895939 
9.895840 

9.89574, 

9.895641 

9.892810 

9.89307° 

9-893331 

9.893591 

9.893851 

10.10719c 

10.106930 

10.106669 

10.106409 

10.106149 

10.103468 

10.103567 

10.10366c 

10.1037^ 

10.103863 

10.210658 

10.210496 

10.210335 

10.210173 

10.210012 

9-79OI49 
9.790310 
9.79047 1 
9.790622 
9-79°793 

9.8941 1 1 
9.89437, 
9.894632 
9.894892 
9.895 152 

10.105889 

10.105629 

10.105368 

10.105108 

10.104848 

10.103962 

10.104061 

10.104160 

10.104259 

io-io4359 

10.20985 1 
10.209690 
10.209529 
10.209368 
10.20Q207 

9.790954 

9.791115 

9.791275 

9.791436 

9.791596 

9.895542 

9-895443 

9-895343 

9.895244 

9.895144 

9.895412 

9.895672 

9.895932 

9.896192 

9.896452 

10.104588 
10.104328 
10.104068 
10. 103808 
10.103548 

10.104458 

10.104557 

10.104657 

10.104756 

10.104S56 

10.209046 

10.208885 

10.208725 

10.208564 

10.208404 

>5 

16 

■*7 

18 

!9 

9*79I757 
9.79 191 7 
9.792077 
9.792237 
9-.792397 

9.895045 

9.894945 

9.894846 

9.894746 

9.894646 

9.896712 

9.896971 

9.897231 

9.897491 

9-89775 1 
9.898010 
9.898270 
9.898530 
9.898789 
9.899049 

10.103288 
10.103029 
10.102769 
10. 102509 
10.102249 

10.104955 

10.105055 

10.105154 

10.105254 

10.105354 

10.208243 

10.208083 

10.207923 

10.207763 

10.207603 

20 

21 

22 

2  3 

24 

z5 

26 

27 

28 

z9 

30 

9-7925S7 
9792716 
9.792876 
9-793 °35 
9-793I95 

9.894546 

9.894446 

9.894346 

9.894246 

9.894146 

10.101990 

10.101730 

10.101470 

10.10121  I 
IO.IOO951 

10.105454 

10.105554 

10.105654 

10.105754 

10.105854 

10.207443 

10.207284 

^>.207124 

TO. 206965 

IO.206805 

9-793354 
9-7935  J3 
9793673 
9.793832 
9.793991 
9.79415° 

9.894046 

9.893946 

9.893846 

9-893745 

9.893645 

9-893544 

9.899308 

9.89956S 

9.899827 

9.900086 

9.900346 

9.900605 

10.roo692 

IO.IOO432 
IO.  IOOI73 
IO.O999I4 
IO.O99654 
10.099395 

10.10595  4! 
10. 106054 
10.106154 
10. 106255 
10.106355 
10.106456 

10.206646 

IO.206487 

IO.206327 

I0.206l68 

10.206009 

I0.20?8i;0 

Sine 

Tangent 

Secant 

* 


51  Degrees. 


33 
+  9 

35 

36 


Tangents,  and  Secants. 


(  435  ) 


38  Degrees. 


9415° 
9.794308 
9.794467 
9.794626 
.794784 


37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

5° 
5* 
5  2 
53 

51 
5  5 

56 

57 

58 

g 


9.794942 

9-795 101 

9.795259 

9-79541? 

9-795575 


9-795733 

9.795891 

9.796049 

9.796206 

9.796364 


Sine 


9.8935449 

9.893444 

S*893343 

9.893243 

9.893142 


9.893041 

9.892940 

0.892839 

9.892738 

9.892637 


9.79652! 

9.796679 

9.796836 

796993 

9.79715° 


9797307 


9.892536 

9.892435 

9-892334 

9.892233 

9.892132 

9.892030 

9.891929 

9.891827 

9.891726 

9.891624 


9.891523 


9-7974649-89I421 
9-797621;9-89i3*9 
9.797777 

9-797934 


9.798091 

9.798247 

9,798403 


9.891217 
9.891 115 

9-89io13 
9.89091 1 
9.890809 


9.7985609.890707 
9.798716-9.890605 
9.79887219.890503 


Sine 


Tangent 


.900605 

9.900864 

9.901124 

9.901383 

9.901642 


9.901901 

9.902160 

9.902419 

9.902679 

9.902938 


9.903197 

9-9°3455 

9.903714 

9-9°3973 

9.904232 


9.904491 

9.904750 

9.905008 

9.905267 

9.905526 


9.906043 

9.906302 

9.906560 

9.906819 

9^07077 
9-9°7336 
9-9°7594 
9.907852 
9.9081 1 1 
9.908369 


Secant 

10.099395 

10.106456 

10.205850 

3° 

10.099136 

10.106556 

10.205692 

29 

10.098876 

10.106657 

10.205533 

28 

10.098617 

10.106757 

IO-2°5374 

27 

10.098358 

10. 106858 

10.205216 

26 

10.098099 

10.106959 

10.2015058 

2  5 

10.097840 

10.107060 

10.204899 

24 

10.097581 

10.107161 

10.204741 

23 

10.097321 

10.107262 

10.204583 

22' 

10.097062 

10.107363 

10.204425 

21 

10.096803 

10.107464 

10.204267 

20 

10.096545 

10.107565 

10.204109 

*9 

10.096286 

10.107666 

10.203951 

18 

10.096027 

10.107767 

10.203794 

l7 

10.095768 

10.107868 

10.203636 

16 

10.095509 

10.107970 

10.203479 

1 5 

10.095250 

10.108071 

10.20332 1 

14 

1.0.094992 

10.108173 

10.203164 

J3 

10.094733 

10.108274 

10.203007 

12 

10.094474 

10. 108376 

10.202850 

1 1 

10.094216 

10.108477 

10.202693 

10 

10.093957 

10.10S579 

10.202536 

9 

10.093698 

10.108681 

10.202379 

8 

10.00344.0 

10.108783 

10.202223 

7 

10.093-181 

10.108885 

10.202066 

6 

10.092923 

10. 108987 

10.201909 

5 

10.092664 

10.109089 

10.201753 

4 

10.092406 

10.109191 

10.201597 

3 

10.092148 

10.109293 

10.201440 

2 

10.091889 

10.109395 

10.20-1284 

1 

10.091631 

10.109497 

10.201 I2S 

0 

Tangent 

Secant 

rri 

V.3 

rp 

(3> 

CO. 

51  Degrees. 


E  c  2 


::i 


/ 


V- 


(  436  )  A  Table  of  Artificial  Sines, 

39  Degrees. 

§ 

5 

r+ 

'  a 

CO 

G 

1 

2 

3 

4 

5 

6 

7 

a 

9 

Sine 

Tangent 

Secant 

60 

59 

58 

57 

56 

55 

54 

53 

52 

5 1 
50 

49 

48 

47 

46 

9.798872 

9.799028 

9.799184 

9-799339 

9-799+95 

9.8905 03  9.9083O9 
9.890400  9.908627 
9.8902989.908886 
9.890195  9.909144 
9.890093 '9.909402 

10.091631 
10.091373 
10.091 1 14 
10.090856 
10.090598 

10.109497 

10.109000 

10.109702 

10.109805 

10.109907 

10.201128 
10.200972 
10.200816 
lO. 200601 
10.200505 

9-79955' 

9.799806 

9.799962 
9.8001 17 
9.800272 

9.889990 

9.889888 

9.889785 

9.889082 

9.889579 

9.909660 

9.909918 

9.910177 

9.910435 

9.910693 

10.090340 

10.090082 

10.089823 

10.089565 

10.089307 

10. 1 IOOIG 

10.1 IOl 12 
IO. I IO2I5 
IO. I 1031b 
10. 1 10421 

10.200349 

10.200194 

10.200038 

10.199883 

10.199728 

10 

1 1 

12 

'3 

14 

4- 

16 

'7 

lb 

19 

20 

21 

22 

2  3 
24 

2  5 

26 

27 

28 

29 
12 

9.000427 

9.800582 

9.800737 

9.800892 

9.801047 

9.889470 

9.889374 

9.889271 

9.889167 

9.889064 

9-910951 
9.91 1209 

9-9JI467 

9.911724 

9-911982 

10.089049 

10.088791 

10.088533 

10.088276 

10.088018 

10. 1 10524 
io.i 10626 
IO. I 10729 
10.110833 
10.1 10936 

1  °. 1 995  7  3 
10.19941 
10. 199263 
10.19910b 

10.198953 

9.801201 
9.801356 
9.8015 1 1 
9.801665 
9.801819 

9.8889D1 
9.888858 
9.888755 
9.88865 1 
9.888548 

9.912240 
9.912498 
9.912756 
9.913014 
9*9 1 327 1 

10.087760 

10.087502 

10.087244 

10.086986 

10.086729 

10.1 I 1039 
10.1 1 1 142 
IO.I  I  1245 

1  °- 1 1 1 3  49 

IO.I  1 1452 

10. 198799 
10. 19864^ 
10. 198489 
10.198335 
10.198181 

45 

44 

43 

42 

4i 

9.801973 

9.80212b 

9.802282 

9.802435 

9.802589 

9.802743 

9.802897 

9.803050 

9.803204 

9-8o3357 
9.8035 1° 

9.888444 

9.888341 

9.888237 

9.888133 

9.888030 

9-913529 

9.913787 

9.914044 

9-914302 

9.914560 

10.086471 

10.086213 

10.085956 

10.085698 

10.085440 

10.1  I  1556 

10.1  I 1659 
10.111763 

10.1  I  1867 
IO.I I 1970 

10. 198027 
10. 197872 
10.197718 
10.197565 
10.19741 1 

40 

39 

38 

37 

36 

9.887926 
9.887822 
9.887718 
9.887614 
9  887510 
9.887406 

9.914817 

9-915075 

9-9 1 5  3  3  2 
9.91559° 

9.915847 

9.916104 

10.085183 

10.084925 

10.084668 

10.084410 

10.084153 

10.083896 

10.112074 
10.112178 
IO.I 12282 
IO.I 12386 
10.1 12490 
10.1 12594 

10.197257 
10.197103 
10.19695c 
10.196796 
10.196643 
10. 196490 

35 

34 

33 

32 

31 

30 

$, 

3 

3 

rt 

CO 

j,Sine 

Tangent 

Secant 

' 

50  Degrees. 

Tangents,  and  Secants,  (  437  ) 

39  Degrees. 

S 

B 

c 

pt 

<T> 

V) 

3° 

3« 

32  < 

33 

35 

36 

37 

38 
19 

40 

41 

42 

43 

44 

46 

47 

48 

49 

5° 

5 1 

52 

53 
11 

55 

56 

57 

58 

5S 

oc 

Sine 

1 

Tangent 

Secant 

' 

30 

29 

28 

z7 

26 

zT 

24 

23 

22 

21 

20 

*9 

1$ 

17 

16 

?,8o35 10 
7.803664 
^803817 
3.803970 
3.804123 

3.887406 

3.887302 

9.887198 

9.887093 

9.886989 

9.916104 

9.916362 

9.916619 

9.916876 

?-9I7I34 

10.083896 
10.083638 
10.083381 
10.083 124 
10.082866 

10. 1 12594 
10. 1 12698 
10. 1 12802 
io. 1 12907 
10. 1 1301 1 

[0.196490 

10.196336 

0.196183 

0.196030 

10.195877 

3.804276 

9.804428 

9.804581 

9.804734 

9.804886 

9.886885 

9.886780 

9.886676 

9.886571 

9.886466 

9.886362 

9.886257 

9.886152 

9.886047 

9.885942 

?,917391 

9.917648 

9.918163 

9.918420 

10.082609 

.0.082352 

10.082095 

10.081837 

10.081580 

10.  n  3,  u  5 
10. 1 13220 
10.113324 
10.113429 
10.113534 

10.195724 
10.195572 
10.195419 
10.195266 
10.195  I  !4 

9.805038 

9.805191 

9.805343 

9.805495 

9.805647 

9.918677 

9-9i8934 

9.919191 

9-9i9448 

9-9i97°5 

10.081323 

10.081066 

10.080809 

10.080552 

10.080295 

10.1 13638 
IO.U3743 
IO.I 13848 
10.113953 
IO.I  14058 

10.194962 

10.194809 

10.194657 

10.194505 

10.194353 

9.805799 

9.805951 

9.806103 

9.806254 

9.806406 

9.885S37 

9.885732 

9.885627 

9.885521 

9.885416 

9.919962 
9.920219 
9.920476 
9.920733 
q. 020990 

10.080038 

10,079781 

10.079524 

10.079267 

10.079010 

IO.I  14163 
IO.I 14268 

10.114373 

10.114479 
IO.I  14584 

10.19420 I 
10.194049 
10.193897 
10.193746 
10.193594 

15 

■4 

13 

1 2 

1 1 

10 

9 

8 

7 

6 

5 

4 

3 

2. 

1 

0 

9.806557 
9.806709 
9.806860 
9.80701 1 
9.80716? 

9.8853 1 1 
9.885205 
9.885  loo 
9.88409/ 
9.884889 

9.921247 

9.921503 

9.921760 

9.922017 

9.92227/ 

10.078753 

10.078497 

10.07824c 

10.077983 

10.077726 

10.1 14689 
IO.I  14795 
IO.I  14900 
10.1 15006 
10.11511 I 

10.193443 

10.193291 

10.193140 

10.192989 

10.192837 

9.807314 

9.807465 

9.80761; 

9.807766 

9.80791; 

9.80806; 

9.884783 

9.884677 

9.884572 

9.884466 

9.8S436C. 

9.88425/ 

9.92253c 

9.922787 

9.92204/ 

9.92230c 

>9.922557 

9.922813 

10.07747c 

10.077213 

10.076956 

10.07670c 

10.07644; 

10.07618; 

IO.I I 5217 
10.11,5323 
IO.I.fl'5428 

Jj#'r‘i5534 
10.115  640 
io.i  15746 

10. 192686 
10.192535 
10.192385 
10.19223/) 
10. 19208; 
10.19193 

Sine 

T  angent 

Secant 

£ 

3* 

E 

n> 

c r 

— 

50  Degrees. 

E  e  3 


vs. 


(  438  )  A  Table  of  Artificial  Sines, 

40  Degrees. 

S 

c 

ft 

m 

to 

C 

1 

2 

3 
_ 4 

5 

6 

7 

§ 

9 

10 

1 1 

12 

*3 

H 

*5 

16 

*7 

18 

19 

Sine 

Tangent 

* 

Secant 

60 

59 

58 

57 

56 

55 

54 

53 

52 

S± 

50 

49 

48 

46 

45 

44 

43 

42 

4* 

9.808068 
9.808218 
9.808368 
9.8085 19 
9.808669 
9.808819 
9.808969 
9.8091 19 
9.809269 
9.809419 

9.884254 

9.884148 

9.884042 

9.883936 

9.883829 

9.883723 

9.883617 

9.883510 

9.883404 

9.883297 

9.925813 

9.924070 

9.924327 

9.924583 

9.924840 

9.925096 

9.925352 

9-925609 

9.925865 

9.926121 

10.076187 

IO-°7593° 

10.075673 

*°-°754*7 
10.075 160 

10.1 15746 
io. 1 1585Z 
10.1 15958 
10. 1 16064 
10.116171 

10.191932 
10.191782 
10.191632 
10.191481 
IO.  19*331 

10.074904 

10.074648 

IO-°7439* 

*0.074135 

io.°73879 

10. 1 16277 
10.1 16383 
10. 1 16490 
10. 1 16596 
10. 1 16703 

10.191181 

10.191031 

10.190881 

10.190731 

10.190581 

9.809569 

9.809718 

9.809868 

9.810017 

9.810167 

9.883191 

9.883084 

9.882977 

9.882871 

9.882764 

9.926378 

9.926634 

9.926890 

9.927147 

9.927403 

10.073622 
10.073366 
10.0731 10 
*0.072853 
10.072597 

10. 1 16809 
10. 1 16916 
10. 1 17023 
10.1 17129 
1 0. 1 17236 

10.19043 I 
10.190282 
10.190132 
10.18998; 
*0.189833 

9.810316 

9.810465 

9.810614 

9.810763 

9.810912 

9.882657 

9.882550 

9.882443 

9.882336 

9.882228 

9.927659 

9-9279*5 

9.928171 

9.928427 

9.928683 

10.072341 

10.072085 

10.071829 

*0.071573 

10.071317 

*O.J  17343 
10.)  17450 

IO.U7557 

10. 1 17664 
io.  1 17772 

10.18968/ 

*0.189535 

10.189386 

10.189237 

10.189088 

20 

21 

22 

23 

'cl 

9.81 1061 
9.81 1210 
9.81 1358 
9.81 1507 
9.81 1655 

9.882121 

9.882014 

9.881907 

9.881799 

9.881692 

9.928940 

9.929196 

9.929452 

9-929708 

9.929964 

10.071060 

10.070804 

10.070548 

10.070292 

10.070036 

10. 1 17879 
10.117986 
10. 1 18093 
10. 1 1S201 
10.1 18308 

10.188939 
10.188790 
10.188642 
10. 188493 
10.188345 

40 

39 

38 

37 

36 

25 

z6 

27 

28 

29 
3C 

9.81 1804 
9.81 1952 
9.81 2100 
9.812248 
9.812397 
9.812544 

9.881584 

9.881477 

9.881369 

9.881261 

9.881153 

9.881045 

9.930219 

9-93°475 

9-93°731 

9.930987 

9-93J243 

9-93*499 

10.06978 1 
10.069525 
10.069269 
10.069013 
10.068757 
10.068561 

IO.I 18416 
10.118523 
IO.I 18631 
IO.I 18739 
IO.I 18847 
10.1 18955 

10.188196 

10.188048 

10.187900 

10.187752 

10.187603 

10.187456 

35 

34 

33 

32 

3* 

30 

Sine 

Tangent 

'  ,  1 

j  Secant 

tJ 

'$ 

g 

n 

49  Degrees. 

/ 


Tangents,  and  Secants, 


(  439  ) 


40  Degrees. 


Sine 


9.812544  9. 881045 
9.812692 
9.812840 


9.8809389.931755 
9.880830  9.932010 
9.8129889.880721  9.932266 
9.8806x3  9.932522 


30 

31 

3Z 

33 

34  9*8 1 3 1 35 

35  9.813283 
369.813430 
379.8x3578 
389.813725 
399.8x3872 

40 

41 

42 

43 


9.814019 


9.8143139.879746 


Tangent 


9-93  H99 


9.880505 


9.932778 


9.880397  9.933033 
9.880289 
9. 880180  9.933545 
9.880072 


9.879963 


45 

469.8149009.879311 
47  9.815046  9.879202 
489.8151939.879093 
499.8x5339 

5° 

5 1 

52 

53 

54 

55 

56 

57 

58 

59 


9.815485 
9.815631 
9.8x5778 
9.815923 
9.8160699.878438 


9.878875 

9.878766 

9.878656 

9.878547 


9-937632 


9.816507  9.878109 


9.816652 


9.877999 


9.816797  9.877890 
609-816943  9.877780 


9.938653 

0.958908 

9-939163 


Sine 


Secant 

10.068501 

10.068245 

10.067990 

10.067734 

10.067478 

io. 1 13955  J< 
to. 1 19062  1 
10.119170  1 
io.i  19279  1 
10. i 19387  1 

10.067222 

10.066967 
10.06671 I 
10.066455 
10-066200 

io.  1 19495  1 
10.119603  1 
io. 1 1971 1  1 
10.119820  1 
10. 1 19928  1 

10.065944 

10.065689 

10.065433 

10.065177 

10.064922 

10.120037  1 
10.120145  i 
10.120254  1 
10.120363 
10.120471 

10.064667 
7  10.06441 1 
[.  10.0641 56 
D  IO.0639OO 
5  IO.063645 

10.120580 

10.120689 

10.120798 

10.120907 

10.121016 

o  10.063390 
6  10.063134 

1  10.062879 
6  10.062624 

2  10.062368 

10. 121125 
10.121234 
10.121344 
10.121453 
10.121562 

7  10.0621 13 

2  10.061858 

7  10.061605 

3  10.061347 

8  10.061092 
3  10.060837 

10.121672 

10.121781 

10.121891 

10-122001 

10.1221 IO 

IO.  I 22220 

Tangent 

10.184661 


29 

28, 

27 

26 

25 

24 

23 

,22 

21 

20 

l9 

18 

l7 

16 

15 
H 
13 
12 
1 1 


10.1845 15 
10.184369 
10.184222 
10.184077 
10.183931 


10 


10.183785 

10.183639 

10.183493 

10.183348 

10.183203 

10.183057 


Secant 


£ 

3 

rt 

2 


49 


Degrees. 


E  e  4 


(  44°  ) 


A  Table  of  Artificial  Sines, 


41  Degrees. 


Sine 


9-816943  9 .877780 
9.817088  9.87707 
9.  o 1 723 j 


9.8173789.87745 


9.81752- 


9.93916., 

-  . .  ,  9-939418 
9  5775009.939673 
9.93992s 


9.87734  9-940183 


Tangent 


,  9.817668  9.8772309.940438 

6  9.817813  9.87712  9.940094 

7  9  617958 9  8770x09.940949 

8  9.818103  9.876899  9.941204 

9  9-818247 9.876789  9.941458 


10.057  22 
10.057207 


9.8183929.876078  9.941713  10.058267 
0.8l  8c  6  0.876r68  n.n^  ?nO>.  IO.O58032 

'  q  -  -  ^  -/-to/  ‘o  ,0-°57/77 

13  9.018825  9-8763479.942478 

£4  9.818969  9.876236  9-942733 

15  9.819113  9.876125  9.942988 
169.819257  9.876014 9. 943243 

1 7  9  819401  9.875904  9.943498 

18  9.819545  9.875795  9.443752 

19  9.8 .9689  9.87568.,  9.944007 
209-819832  9.875571  9.944262 


21 

22 

2  3 

24 

25 


9.819976 

9.820120 


9.820263  9.87523; 
9.820406  9-875 : 26 


9.820550 


28  9.820979  9.874679 


9.821 122 
9.821265 


9-875459  9-9445I; 

9.8753489.944771 
9.94502  6 
9.945281 


9.8750149.945535 


26  9.820693  9.874903  9.945790 

27  9.8208369.87479;  9.94604.? 


9.87456;- 


Sine 


10.060837 
10.060582 
10.060327 
10.060072 
10.059817 
10.059502 
10.059306 
10.05905 1 
10.056790 
10.058  42 


Secant 


10.057012 

10.056757 

10.050502 

10.056248 

10.05599^, 


9.946045 

9.-946299 

9.946554 


9.874456  9.946808 


10.054719 


10.054405 

10.054210 

IO-°53955 

10-°537°i 

10.053446 

10.053192 


10.122220  10.183057 
10.122330  10.182912 
10.122440  10.18276. 
10.122550  10.18202. 
10.122660  xo.182477  ^6 
10.122770  10.182332 
IO.  I  228  jO  IO.182187 
10. 1 6  2042 
io.i8i89/ 

IQ.  I0I753 
IO.181608 


IO.  1 22990 
IO.I23XOI 
10.12321 1 
IO.123322 
IO.I23432 

1  °- 1 23  5  43 

10.123653 


10.181464 
10  181319 
110.181 175 


10. 123764I10. 181031 


10.055738 
1 0.0554.63 
10.055229 
10.054974  10.124763 


10.123875 
10. 1 23986 
10.124096 
10.124207 
10.124318 
10.124429 
10.124541 
10.124652 


10.124874 


Tangent 


10.124986 

10.125097 

10.125209 

10.125321 

10.125432 

10.125544 


10.180887 
10.180745 
10.180599 
10.180455 
10.18031 1 4 

10.180168 
10.180024 
10.179880 
10. 1 79737 

10179594 


10.17945° 

IO-I793°7 

10.179164 

10.179021  3 
10.178878  3 
10.178735  3< 


JO 

>9 

5° 

x7 


55 

54 

53 

52 

:  I 


5° 

49 

48 

47 

40 

+5 


Secant 


48  Degrees. 


Tangents,  and  Secants. 


(  44i  ) 


41  Degrees. 


3759.822262 

38:9.822404 

39:9.822546 


40:9.822688 
419. 822830 
42:9.822972 


Sine 


9.821265 
9.821407 
9.821550 
9.821693 
34!9- 8  2 1 8  3  <7 


9.87423Z 
9.874120 
9.874008 

35:9.821977  9-273896 
3619.822120 


Tangent 


9.874456  9.946808 
9-s743449-947o63 


9-9473I7 

9-947572 

9.947826 


9.948081 


9.87367Z 

9.87356° 


9.8732Z3 

9.87311° 


4359.8231 14  9-872998 


44.9.823255 


45  9-8z3397 
469.823539 

47  9.823080 

48  9.823.821 

49  9.823963 


9.949862 
9.9501 16 


9.872885  9.950370 


9.872772 

9.872659 

9.872547 

9.872434 

9.872321 


52I9.824386  9-87 1981 
53,9.824527  9.871868  ^  „ 

54  9.824668  9-^7 1 75 5  9-9529*3 


559.824808 
569.824949 
57  9.825090 
89.825230 
99.82537° 
609.8255 1 1 


Sine 


9.87HH 
q. 871 301 
9.871 187 
9.871073  9954437 


Secant 

10.053192 

10.052937 

10.052683 

10.052428 

10.052174 

0.125544 

0.125656 

0.12576s 

[0.125880 

10.125992 

°-i78735 3° 
0.178593  29 
0.178450  28 
10.178307  27 
10.178165  26 

10.05 1919 
10.05  *665 
ro.05 1410 
.  10.051156 
10.050901 

10.126104 

10.126216 

10.126328 

10.126440 

10.126552 

10.178023  25 
10.177880  24 

IO-i77738  23 
10.177596  22 
IO.I77454  21 

10.050647 

10.050393 

2  IO.O5OI38 
5  10.049884 
D  IO.O4963O 

10.126665 
10.126777 
10.126890 
10.127002 
10.1271 15 

IO.I773  12  20 
IO.I77I7O  X9 
IO.I77O28  l8 
IO.I76886  17 
IO.I76745  l6 

5  >°-°49375 

9  10.0491 21 
3  10.048867 
8  10.048612 
2  10.048358 

10.127228 

10.127341 

10.127453 

10.127566 

10.127679 

IO.I76603  15 
IO.I76461  14 
IO.I763ZO  13 
IO.I76179  12 
IO.I76037  I  I 

0  10.048105 
0  10.04785c 
4  10.047596 
9  10.047341 
3  10.047087 

10.127792 

10.127906 

10.128019 

10.128132 

10.128245 

IO.I75896  IO 

to-1 75 75 5  9 
'10.175014  8 

1  °- 1 7 5 47  3  7 
10.175332  6 

>7  10.04683; 
1  10.04657c 
15  10.04632 
19  10.04607 
?3  10.04581- 
37  10.04556 

10.128355 
10.128472 
10.128586 
'  ^0.128695 
1  10.12881 

3  10.12892 

10.175192  5 
10.175051  4 
1:10.174910  3 

j;lo. 174770  2 

10.17463c  I 

7  10.174489  0 

Tangent 

s 

Secant  g 

C/3 

48  Degrees. 


¥ 


(  442  ) 


A  Table  of  Artificial  Sines, 


42  Degrees. 


Sine 


182551  r 
9.82505 1 
9.825791 
9.825931 
9.826071 


9.826211 

9.826351 

9.826491 

9.826631 

9.8267709 


.871073 

.870960 

.870846 

.870732 

870618 


Tangent 


p* 

*9 


9.826910 
9.S27049 
9.827189 
9.827328 
9.827467 


.870504 

.87039°' 

870276 

870161 

.870047 


9.827606 

9.827745 

9.827884 


,c 

21 

22 

2  3 

2^ 


9.8283O! 
9.828439 
9.828578 
9.828716 
9.828855 


29 

3° 


9.828023 

9.828162 


9.828993 
.  829131 
9.829269 


.8  9.829407 


9.829545 
9.829683 


.869933 

.869818 

.869704 

.869589 

.869474 


•954437 

.954691 

•954945 

.955199 

■955453 


•955707 

.955961 

.956215 

.956469 

956723 


.869360 

.869245 

.869130 

.869015 

868900 


868785 

868670 

,868555 

868440 

868324; 


.956977 

•95723 

.957485 

957739 

957993 


•958246 

.958500 

.958754 

.959008 

959262 


9595*5 


959769 


,960023 


960277 


96053° 


,8682099. 960784 
961038 


.045563 

,045309 

045055 

.044801 

044547 


10 

10 

io, 

10. 

IO. 

IO. 

IO. 

IO. 

IO. 

IO. 

IO 

IO, 

IO, 

IO. 

IO 


.044293 

.044039 

.043785 

•°4353 1 

,043277 


Secant 


.043023 

.042769 

,042515 

042261 

042007 


.04175 

.041500 

.041246 

.040992 

.040738 


10 


IO 


10 


10 


.040485 
.04023 1 

•039977 

.039723 

.039470 


9.867978 

9.961291 

9.867862 

9.901545 

9.867747 

9.961799 

9.867631 

9.962052 

Sire 

IO 

IO. 

10 

IO 

IO. 


.039216 

038962 

038709 

038455 

.038201 

037948 


10 

IO 

10 

IO 

IO 

IO 

IO 

IO 

IO 

IO 

10 

IO 

IO 

IO, 

IO. 

IO. 

IO. 

IO. 

IO. 

IO. 

IO. 

IO. 

IO. 

10. 

IO. 

IO. 

IO. 

IO. 

IO. 

IO 

IO 


.128927 

129040 

129154 

129268 

129382 


.129496 

129610 

129724 

129830 

,29953 


10.174489 

10.174349 

10.174209 

10.174069 

10.173929 


130067 

130182 

130296 

130411 

130526 


13064.0 

*30755' 

130870 
130985 
131 100 


130215 

*3*33° 

*3*445 

131560 

131676 


Tangent 


*3*79* 

*31907 

132022 

132138 

132253 

132369 


*0.173789 

10.173649 

10.173509 

10.173369 

10.17323° 


60 


53 


10.173090 
10.17295 1 
10.172811 
10. 172672 
10.172533 


10.172394 
10.172255 
10.1721 16 
10.171977 
10.171838 


49 

48 


45 

44 


43 

42 


10.171699 
10.171561 
10.171422 
10.171284 
10.171 145 


10.171007 
10.170869 
10.170731 
*0.  *70593 

*°.  *70455 

10-170317 


39 

38 

37 

36 


Secant 


35 

34 

33 

32 

3* 

3° 


I  t 


47  Degrees. 


1  


m 


•  ■ 

■irtw 


32 

33 

34 

35 

36 

37 
33 
39 
.0 
4.1 
42 
+3 


Tangents,  and  Secants. 


(  443  ) 


42  Degrees. 


Sine 


9.8Z9683  9-86763 


9.829821 

9.829959 


9-s3°372 

9.830509 

9.830646 


9.867399 


9.830097  9.867283 

9.8302349.867167 


9.86705 


9.866935  9.963574 


9.866819 


9.8307849.866703 


9-83092; 


9.866586  9.964335 


9.831058 

9.831195 

9*^  3 1 3  3  2 
9.831469 

9.831606 


9.866470 

9.866353 

9.866237 


9.866120  9.965349 
9.866004 


.5  9*83  !742 
9.831879 


46 

4-7 

48 

+9 

5° 

1 


9.8320159.865653 


9.832152 

9.83228" 


9.832425 
9.832561 
,  9.832697 
53  9-832833 
449.832969 

35  9  83310 
69.833241 

,,  9-833377 
58  9.8335 1 
599.833648 
60 


5 2 


Tangent 


9.96205Z 


9.8675 15  9.962306 


9.962560 

9.962813 

9.963067 


9.96332° 


9.963827 

9.964081 


9.964588 

9.964842 

9.965095 


Secant 

10.132369 
10.132485 
10.13200: 

10.132717  10.169903  27 
10.13.2833 


9.865887 

9.86577° 


9.86553b 


9-9656 

9.965855 

9.966109 

9.966362 

9.966616 


9.865302 
9.865 185 
9.865068 
9.864950 
9.864833 


_  „  .  9.864245 

9.833783  9.86412 


Sine 


10.037948 
10.037694 
10.037440 
10.037187 

10.036933 

10.036680 
10.036426 
10.036173 

io*°359  19 
10.035665 

10.035412 

io.°35i58 

10.034905 
10.034651 
10.034398  10.133996 


10.170317 
10. 1701,9 
10.170041 


10.132949 

10.133065 

10.133101 

10.133297 

10,1334I4 

10.133530 

10.133647 

10.133763 


10.169628 
1  o.  1 6949 1 
10.169354 


9.865419  9.966869 
9.967122 
9.967376 
0.067630 
9.967883 
9.96813b 


9.864716 

9.864598 
9.864481 
9.864363  9.969149 


9.968389 

9.968643 


9.969403 

3.960056 


10.034145 

10.033891 

10.033638 

10.033384 


10.134113 

10.134230 

io-1  34347 
10.13446 


10.033131!  10. 1 3458 1 

ic. 032878 
10.032624 
10.032370 
10.032117 
10.031864 
10.03161 1 

IO-°3I357 


- j,  --  jjt 

9.968896  IO.O3UO4IO.I355I9 


I0.03085ljl0.I35637 

10.030597jl0.I35755 


47  Degrees 


(  444  )  A  Table  of  Artificial  Sines, 

43  Degrees. 

s 

3 

e 

r-r 

n 

1/5 

C 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

13 

H 

!5 

16 

17 

18 

19 

20 

21 

22 

23 

24 

2 

27 

28 

29 
3° 

1 

Sine 

Tangent 

Secant 

9-833783 

9-8339i9 

9*834°54 

9,834i89 

9-834325 

0.824460 

9-834595 

9-834730 

9.834865 

9.834999 

9.864127J9.969656 
9.864010I9.969909 
9.863892I9.970162 
9.863774  9  970416 
9.86365619.970669 

10.030344 

10.030091 

10.029838 

10.029584 

10.029331 

i°-i35873 
io-  1 3599c 
10.136108 
10.136226 
10.136344 

10.166217 
10.166081 
10.165946 
10.16581 1 
10.165675 

60 

59 

58. 

57. 

56 

55 

54 

53 

52 

S£ 

5° 

49 

48 

47 

46 

9.863538 

9.863419 

9.863301 

9.863183 

9.863064 

19.970922 

9-97"75 

9-97H29 

J9.971682 

9.971935 

10.02907b 
10.028825 
10.028571 
10.0283 18 
10.028065 

10.136462 

10.136581 

10.136J99 

10.136817 

10.136936 

10.16554c 
10.165405 
10.165270 
10.165 135 
10.165001 

9-835 1 34 

9.835269 

9-835403 

9-835538 

9.835672 

9.862946 

9.862827 

9.862709 

9.862590 

9.862471 

9.972188 
9.972441 
9.972695 
9-972948 
9-973  20 1 

10.027812 

10.027559 

10.027305 

10.027052 

10.026799 

10.137054 

10.137173 

i  °* 1 3  7  29 1 
10.137410 

1  °- 1 37  5  29 

10.164866 
10.164731 
10.164597 
10.164462 
10. 164328 

9.835807 

9.835941 

9.836075 

9.836209 

9-836343 

9-862353 
9.862234 
9.8621 15 
9.861996 
9.861877 

9-973454 

9-973707 

9.973960 

9-9742I3 

9.974466 

10.026546 

10.026293 

10.026040 

10.025787 

10.025534 

10.137647 

10.137766 

10.137885 

10.13800 

10.133123 

10.164193 

10.164059 

10.163925 

10.163791 

10.163657 

45 

44 

43 

42 

4i 

40 

39 

38 

37 

36 

9.836477 
9.83661 1 
9.836745 
9.836878 
9.837012 

9.86175 
9.861638 
9.8615 19 
9.861400 
9.861280 

9.974719 

9-974973 

9.975226 

9-975479 

9-975732 

10.025281 

10.025027 

10.024774 

10.024521 

10.024268 

10.138242 

10.138362 

10.138481 

10.138600 

10.13872c 

10. 163523 
10.163389 
10.163255 
10.163122 
10.162988 

9.837146 

9.837279 

9-83741 3 
9.837546 
9.837679 
9.837812 

9.861 161 
9.861041 
9.860921 
9.860802 
9.860682 
9-860562 

9.975985 

9.976238 

9.976491 

9.976744 

9.976997 

9.977250 

10.024015 

10.023762 

10.023509 

10.023256 

10.023003 

10.022750 

10.1 38839 
10.138959 
10.139079 
10.139198 
10.139318 
10.139438 

10.162854 

10.162721 

10.162587 

10.162454 

10.162321 

10.162188 

35 

34 

33 

32 

31 

3° 

Sine 

J 

^Tangent 

Secant 

3 

3 

c 

rt 

n> 

07 

46  Decrees. 

* 


'"“ST 


_ 


Tangents,  and  Secants. 


(  445  ) 


43  Degrees. 


3° 

3 

32 

33 

34 

35 

36 

37 


Sine 


1 2 


9.8376 
9-837945 


38  9.838875  9.859601  9-979274 


39 


9.8380769.860 

9.83821  1 
9-838344 
9.838477 

9.838610 
9.838742 


Tangent 


9.860562  9.977250 
9.86044: 


9.977503 

9-977756 

9.860202  9.978009 


9.660082 
9.859962 
9.859842 
9.059721  9.979021 


9.978262 

9.9785x5 

9.978768 


9.839007 


9.859430 


9.839i4° 

9-839272 

9.839404 

9-839536 


44  9.839668  9-858877 


45 

46 

47 

48 

49 


5° 


Secant 


10.022730 
10.022497 
10.022244 
10.021991 
10.021 738 


9-979SJ7 

9.97978° 

9.980033 

9.980286 


9.85936° 

9-859239 
9-859!I9.  . 
9.858998  9.980538 


9-85°75° 


9.358035  9.981297 
9.98155° 
9.981803 
9.98 


5  2 

53 

5+ 

569.8412479.857421 
57  9.841378  9-857300 

589.8415099.857178 


59  9.841640 
609.841771 


10.02143j 

10.021232 

10.020979 

10.020726 

10.020473 


10.020220 

IO.OI9967 


10.1394,6 

o.!3955<3 

10.139676 

10.13979c 

10.1399’ 


10. 102X68 
10.102055 


10.140  36 
10.140158 
10.140279 
10.140399 
10.140520 


3° 

29 

281 

27 

20I 


10.161922 
10.161789 
10. 161656 

IO.I6I523U5 
10.161390  24 
10.161258  23 
10.161 125 
10.160993 


10.140640 

10.140761 


9.980791 


9.839800 

9-839932  -  „ 

9.8400649-8585 14 
9.8401969-858393 
9.8403289-858272 

9.840459  9.858150 
9.840591  9.858029 
9.840722  9-857908 
9.8408549.8577^6 

9.840985  9.85766 


9.981044 


9.8411169.857543  9-983573 


20s 


10. 0197x4'  10. 14083 1 
io.oi9462!  10. 141002 
1 0.019209)10.141 123 
10.01895b  10.141244 
10. 01870310. 141365 
10.018450:10.141486 
10.018197  10.141607 
10.017944  10.141728 


10.160860 
10. 160728 
10.160596 
10.160464 


22I 

21 


20J 

;9| 

18 

!7 


10.1603321  ‘6j 
10.160200  151 
10.160068 


10 


9.932309 
9.982562 
9.982814 
9.983067 
9.98  3  3  2° 


10.017691 

10.017438 

10.017186 

10.016933 

10.016680 


10.016427 


10.141850 

10.141971 

10.142092 

10.142214 

10.142335 


10.142457 


9.983826  10.016174I10.142579 
9.984079  10.01592 1  10. 142700 
9.984331  10.015669J10.14.2S22 
9.857056  9.984584  io.oi54i6ji«.i42944[ 

9.856934  9.984837  ig^((|^io.i43066|IO-15^H9 


.159936 


13 

10.159804  12 
10.159672  ijj 

10.159:41  10 
ic. 159409 
10.159278 
10.159146 
10.15901 5 

10.158884 
10.158753 
10.158622 
10.15 8^91 


10.158360  1 


I 


•'T'; 


I 


! 


FI 

|1 


I 

1  M  1 

If: 


(  44^  )  A  Table  of  Artificial  Sines, 


44  Degrees. 


Sine 


0  9^41 77 1 


j  9.841902  9.856812 
9.842033  9.856690  __ 

3  9.842163  9.856568  9-985596 
49^8422949.856445  9.98584S 


5  9.8424249.856323  9.986101 


9.842555  9.856201 


7  9.842685  9.856078  9.98660 


8  9.S42815  9.855956 

9  9.842946  9.855833 


109.8430769.85571 1 
9.843206  9.855588 


1 1 


12 


3  9-843465  9-855342 
49-b>43595  9  855219 


5  9-843725  9-855°96  9-988629 


!  20 


21 


22 


9-843336  9.855465  9.9S787I 


l6  9.843855 9  854973  9.988882 


9-84437 


9.844631  9-854233 
13  9.8447609.854109 


Tangent 


9.8569349.984837 
9.985090 


9-98S343 


9.986354 


9.987365 

9.987618 


.  9-8439849.854850 

8  9.844114  9.854727 

9  9-844243  9-8546o3  9-989640 
9.85448019.989893 


9.986860 
9.9871 12 


9.988123 

9.983376 


9-9s9I34 

9.989387 


9.8445029.854356 


4  9-844889  9-853986  9.990903 


9.990145 

9.990398 

9.99065 


10.015163 
10.014910 
10.014657 
10.014404 
10.0141 52 


Secant 


10.013899 

10.013646 

10.013393 

10.013140 

10.012888 


10.012635 
10.012382 
io.oi 2129 


10.143066 
10.143188 
10.14331c 
10.143432 
1 °. 14355  5 


10.143677 
10.143799 
10.143922 
10. 14404^. 
10.144167 


io.oi 1877 


10.011624 


10.01 137 1 
10.01U18 
10.010866 
10.01061 3 
10.010360 


9.991156 


259.8450189.85386 

9.845 147  9.853738  9.991409 

9.8452769.8536149.991662 


9.  %54°4  9.85349019.991914 

9-845533  9-8S3366^.992i67 


9.845602  9-853242  9.9 


IO.OIO’ 07 
10.009855 
10.009602 
10.009349 
10.009097 


10.008644 

10.008591 

10.008338 

10.00803.5 

10.007833 

0.007580 


10.144289 
10.144412 
10.144535 
10. 144658 
10.144781 


10.144904 
10. 145027 
i  o.  1 45 1 5.0 
10.145273 
10.145397 


10.14552c 
10.145644 
10.145767 
10.145891 
1  o.  1 460 1  4 


10.146138 
10.14620 
10. 146386 
IQ.  1465  10 
IO.I46634 
107146758 


10.158229 

10.158098 

IO.I57967 

10.157837 

IO-I577°6 


1  °- 1 5  75  76 
10.157445 

IO-I573I5 _ 
10.157185  52 
to.  157054/5 1 


60 

59 

58 

57 


S6 


55 

54 

53 


10.156924  50 
10.156794 

10.15666 
10.156535 
10.1 56405 


45 

44 


10. 156275 
10.156145 
10.156016 
10.155886 
JO,155757  41 
4c 


10.155628 
10.155498 
10.155369 

!°- 155240|37 
1  o.  1 5  5 1 1 1 


10.154982  3j 


10.1^4853 

10.154724 


10.154596  32 
1 0.154467  3, 
10.154338 


49 

48 


47 

46 


t3j 


34 


3: 


Tangents,  and  Secants. 


(  447  ) 


9.845662 

9.84579° 


9.853242  9.992420 
9.8531 18  9.992672 


9.845919  9-8529949-992925 


9.846047 

9.846175 


9.8528699.993178 

9.852745  9-99343° 


9.846304 
369.846432 
37*9-846560 
3819.846688 


39I9.846816  9-852122 


9.8526209.993683 
9.8524969.993936 
9.852371  9.994189 
9.8522479.994441 


40  9.846944 

41j9-847°71 
42.9. 847  ^9 
43:9-847327 
44:9-847454 
459.847582 
469.847709 

47i9-847837 

48,9.847964 

49.9.848091 


44  Degrees 


9-994694 

9.85  ^97  9.994947 
9.8518729.995199 
9.85  ^47  9.995452 
9.851622  9.995705 
9.85149-  9-9^5957 
9.851372  9.996210 
9.85 1246 
9.851121 
9.850996 
9.850870 

50:9.848218  9-85°745  9-997473 
51:9.848345  9.8506199.997726 

—L  9-850493  9-997979 

9.850367 
9.850242 


9.996463 

9.996715 

9.996968 

9.997221 


10.007580 
10.007328 
10.007075 
10.006822 
1-0.006570 
10.006317 
io.ob6o64 
10.00581 1 
10.005559 
10.005306 

10.005053 

10.004801 

10.004548 

10.004295 

10.004043 

10.003790 

10.003537 

10.003285 

10.003032 

10.002779 


10.146758  10.154338 
10.146882’  10.154210  29 


10.147006 

10.147131 

10.147255 

10.147380 

10.147504 

10.147629 

IO-H77S3 

10.147878 

10.148003 

10.148128 

10.148253 

10.148378 

10.148503 


10.154081 

10-153953 

10. 153825 


52^.848472 

539.848599 


848726 ' 


9.9982-; 

9.99848 


55  9.848852  9.8501 16  9-998737 
56.9.848979  9.849990  9.998989 
379.849106  9.849864  9.999242 


58  9.849232 

599*^49359 

60  9.849485 


9-84973/ 

9.84961 1 
9.849485 


^77-^1* 


! 


A  T  ABLE  of  Angles,  which  every  Rumb  (or 
Point-  of  the  Compafs )  maketh  with  the  Meridian. 

North 

South 

Point 

£>.  M. 

North 

South 

N  by  E. 

S  by  E 

l 

4 

1 

3 

4 

I 

2  49 

5  37 
8  26 

ix  15 

N  by  W 

S  by  W 

NNE 

S  SE 

i  i 

i  \ 

1  i 

2 

14  4 

16  52 
19  41 

22  30 

N  N  W 

S  S  W 

NE  by  N 

SE  by  S 

2  1 

2  T 
2  — 

3  i 

25  19 

28  7 

30  56 
33  45 

NWbyN 

SW  byS 

No.  Eaft 

Sou.  Eaft 

3  i 
3  ! 

3  1' 

4 

36  34 
39  22 
42  1 1 

45  °° 

No.  Weft 

Sou.  Weft 

NE  by  E 

SE  by  E 

4  1 

4  f 

4  i 

s 

47  49 
50  37 
53  26 

50  15 

NWbyW 

SWby  W 

E  N  E 

,*r 

E  SE 

f  ! 

5  i 

5  i 

6 

59  4 

61  52 

64  41 

67  30 

WNW 

w  s  w 

E  by  N 

E  by  S 

* 

6  1 

6  I 

6  Li 

7  . 

70  19 

73  •  7 
75  „56 
78  *45 

W  by  N 

W  by  S 

Eaft 

Eaft 

7  -fl 

7  i 

8  i 

8*  34 

84  22 
87  11 

'90  oc . 

■  4.4 

Weft 

Weft 

-'«?rv 
Hiifr . 


